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Purpose: To identify predictive factors of nivolumab sensi-
tivity, peripheral blood NKs and regulatory T-cell (Treg) were
evaluated in patients with metastatic renal cell carcinoma
(mRCC) enrolled in the REVOLUTION trial.

Experimental Design: Fifty-seven mRCCs being treated with
nivolumab, as at least second-line of therapy, and 62 healthy donors
were longitudinally evaluated (0-1-3-6-12 months) for peripheral
NKs and Tregs, phenotype, and function. Multivariable logistic re-
gression was conducted to identify the independent predictors. The
0.632" internal cross-validation was used to avoid overfitting. The
best cutoff value based on a 3-month clinical response was applied to
progression-free survival (PFS) and overall survival (OS). Kaplan-
Meier curves for PFS and OS were produced.

Results: At pretreatment, mRCCs displayed high frequency of
NKp46+NKS) NKp30+NKS) KIRZDL1+NKS’ “‘ZDLz/DL3+NKS) and
PPI*NKs with reduced NK degranulation as well as high fre-
quency of Tregs, ">'*Tregs, "®**Tregs, and "N""""*Tregs.

Microenvironment Molecular Targets, Istituto Nazionale Tumori - IRCCS -
Fondazione G. Pascale, Naples, Italy. 2Uro-Gynecological Oncology, Istituto
Nazionale Tumori - IRCCS - Fondazione G. Pascale, Naples, Italy. *Transfusion
Medicine Unit, Istituto Nazionale Tumori - IRCCS - Fondazione G. Pascale,
Naples, Italy. “Department of Pathology, Istituto Nazionale Tumori - IRCCS -
Fondazione G. Pascale, Naples, Italy. *Department of Urology, Istituto Nazio-
nale Tumori - IRCCS - Fondazione G. Pascale, Naples, Italy. ®Université Claude
Bernard Lyon 1, INSERM U-1052, CNRS 5286, Cancer Research Center of Lyon,
Lyon, France. “Lyon Immunotherapy for Cancer Laboratory (LICL), Centre
Léon Bérard, Lyon, France. ®Department of Medical Oncology, Centre Léon
Bérard, Lyon, France. ®Oncology Department, Val d’Hebron University, Bar-
celona, Spain. "°Unita di Statistica Medica Dipartimento di Salute Mentale e
Fisica e Medicina Preventiva, Universita degli Studi della Campania Luigi
Vanvitelli, Naples, Italy.

S. Santagata and A.M. Trotta contributed equally to this article.

Corresponding Author: Stefania Scala, Microenvironment Molecular Targets,
Istituto Nazionale Tumori-IRCCS-Fondazione “G. Pascale”, via M. Semmola,
Naples 80131, Italy. E-mail: s.scala@istitutotumori.na.it

Clin Cancer Res 2024;30:4755-67
doi: 10.1158/1078-0432.CCR-24-0729

This open access article is distributed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license.

©2024 The Authors; Published by the American Association for Cancer Research

Responder patients, identified as a clinical response after
3 months of treatment, presented at pretreatment significantly
low CD3*, high K'R2PL/PL3NKs, high "' *Tregs, and high "
°*Tregs. Upon multivariate analysis, only *  PL*NKs and
HeliostTregs held as independent predictors of nivolumab re-
sponsiveness. The XR?PLPI3*NKs >353% identified patients
with longer OS, whereas the ®“*"Tregs >34.3% displayed sig-
nificantly longer PFS. After 1-month of nivolumab, responder
patients showed low CD3", high NKs, KIR2DL2/DL3+N\Ks  and
[COS*Tregs. Among these subpopulations, CD3* and
KIR2DL2/DL3+NKs held as independent predictors of nivolumab
efficacy. Low CD3" (<71%) was significantly associated with
longer PFS, whereas high <"®?*PT2PI3*NKs (>23.3%) were asso-
ciated with both PFS and OS.

Conclusions:  Pretreatment  evaluation  of  H¥%*Tregs/
KIRDLPLINKs and 1-month posttreatment CD3*/ KFZPLZPL3NK

will predict nivolumab response in mRCCs.

Introduction

Kidney cancer is the ninth malignancy among males and 14
among females (1) with more than 400,000 new cases diagnosed
worldwide each year (2). Clear cell renal cell carcinoma is the most
common histotype accounting for more than 80% of cases (3).
Von Hippel-Lindau (VHL) inactivation is detected in the majority
(57%-80%) of clear cell renal cell carcinoma tumors (4) and
additional common genetic alterations include PBRMI, BAPI,
SETD2, TP53, and KDM5C mutations (5). Approximately 25% of
patients present with advanced-stage disease, whereas 30% will
develop distant metastases during follow-up (6, 7). Standard
therapies for advanced/metastatic renal cell carcinoma (mRCC)
rely on combinations of tyrosine kinase inhibitors (axitinib and
cabozantinib) and immune checkpoint inhibitors (ICI; nivolumab
and ipilimumab) or ICI combinations (8). Nevertheless, only a
subset of patients will benefit from ICI treatments (9), thus reliable
biomarkers of response represent unmet needs (10). Tissue bio-
markers, such as tumor mutational burden and programmed
death ligand-1 (PDL1), seem less informative in RCC than in
melanoma or non-small cell lung cancer (NSCLGC; refs. 11, 12).
Although RCCs display a relatively modest rate of mutations [1.42
mutations per megabase (mut/mb)] (13, 14), it is considered im-
munogenic because of spontaneous regressions (13), efficacy of
IL2 (14), and response to ICIs (9, 15, 16).
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Translational Relevance

Although immune checkpoint inhibitors represent the core of
first-line therapy in advanced/metastatic renal cancer, only a
subset of patients benefit from treatment. Thus, biomarkers pre-
dictive of response are eagerly awaited. In this study, baseline
peripheral KF2PLPL3NK and o Tregs or early posttreat-
ment values of CD3* and ¥®?P'#/PL3*NKs represent early, feasi-
ble, predictive biomarkers of nivolumab responsiveness in patients
with mRCC. Easy integration of blood testing might significantly
improve metastatic renal cancer patient management.

The tumor immune microenvironment (TIME) is characterized
by T cells, B cells, NKs, dendritic cells (DC), myeloid-derived sup-
pressor cells plus cytokines, such as IL10 and TGFp, which suppress
immune cell activation and promote the differentiation of regula-
tory T cells (Treg; ref. 17). Pretreatment expanded CD8* T-cell
clones have been detected in patients whose mRCC responded to
nivolumab; notably, the binding of nivolumab induced granzyme B,
suggesting that CD8" T cells have a cytotoxic potential and are likely
tumor-reactive (18, 19). However, the intricate and diverse RCC-
TIME gives rise to substantial heterogeneity also in response to
immunotherapy (20). Tregs and NKs play a crucial role in TIME in
which Tregs impair NK’s effector functions (21). The Treg im-
pairment of NK function was described in patients with NSCLC in
which circulating NKs progressively increase concomitantly with a
decrease in Tregs in Responder patients to nivolumab (22). Anti-
CTLA4 reduces Tregs and Treg-mediated NK inhibition in patients
with head and neck cancer (23). TGFp membrane-bound Tregs and
Tregs-IL2, IL10 impaired NK activity by downregulating the acti-
vating receptor NKG2D on NK cells (24, 25). Together these find-
ings suggest that Tregs can limit NK-cell activity through secreted
cytokines and cell-cell contact.

NKs recognize tumor cells through a large repertoire of germline-
encoded receptors with activating (DNAM-1, NKG2D, 2B4, NKG2C,
NKp30, NKp44, NKp46, and NKp80; ref. 26) or inhibitory properties
like CD85j (ILT2), KIR, NKG2A, and TIGIT (26, 27). The sum of
activating and inhibiting signals determines the final NK-cell activa-
tion status and cytotoxic capacity (28). The role of PD1 on NKs is
controversial, as "P'*NKs have been reported as both functionally
defective (27, 29) or activated (30, 31) cells. A comparable controversy
is the role of PD1 on Tregs. Evidence suggests that PD1 on Tregs
enhances the FOXP3 expression and thereby increases their stability
(32). The efficacy of anti-PD1 therapies was predicted by the balance
of PD1 expression between CD8 and Treg cells, if PD1 is predomi-
nant on CD8, the PD1 blockade unleashes antitumor immune re-
sponse, if PDI1 is predominant on Tregs the PDI blockade induces
their activation and expansion (19, 33).

To investigate peripheral predictors of nivolumab sensitivity, we
focused on the longitudinal evaluation of Tregs and NKs, pheno-
type, and function, hypothesizing that these features would mirror
the TIME status.

Materials and Methods

Study design and patient enroliment
The REVOLUTION trial (NCT03891485) was a longitudinal,
prospective, observational, multicentre study conducted between
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April 2016 and June 2022 in three centers, IRCCS-Napoli Pascale
(Ttaly), Cancer Research Center of Lyon, Léon Bérard Center
(France) and Val d'Hebron University Hospital (Spain). The study
was conducted in accordance with the Declaration of Helsinki and
approved by the Ethical Committee of the coordinating Institution
(CE #21/16 OSS). The main inclusion criteria were as follows: (i) age
of at least 18 years, (ii) pathologically confirmed mRCC, (iii)
nivolumab treatment as second or following lines of therapy (from
now patients with mRCC-REV or REV), (iv) signed informed
consent. Eligible mRCC-REV patients received nivolumab at
3 mg/kg every 2 weeks until disease progression or unacceptable
toxicity. The sample size of nivolumab-treated subjects was calcu-
lated on cell population variation in subjects with an objective re-
sponse compared with subjects without an objective response. Thus,
we estimated a priori that a sample size of 20 patients with response
(R) and 37 with no response (NR; total # = 57) could achieve 80%
power to reject the null hypothesis of equal means when the pop-
ulation mean difference is 0.8 (i.e., effect size) with a significance
level (a) of 0.050 using a two-sided two-sample equal-variance f test.
Herein, a posteriori, we report 33 R and 22 NR, proportions that
hold the effect size.

Response assessment

Patients underwent clinical evaluation after 3 months of nivolu-
mab treatment. Tumor response was assessed with CT scans and
classified according to Response Evaluation Criteria in Solid Tu-
mors v. 1.1. as complete response (CR), partial response (PR), stable
disease (SD) or progressive disease (PD), and death (D). Patients
were classified as follows: Rs comprising those with CR, PR, and SD
with PFS >6 months (SD), or NRs comprising patients with SD <6
months, those with PD, and those who have died (D; refs. 34-36).
Short-term nivolumab efficacy was evaluated by disease control rate
(DCR) = (CR + PR + SD)/total cases x 100% and long-term efficacy
was evaluated through PFS, the time from the first nivolumab ad-
ministration to progression, and overall survival (OS), the time from
the first nivolumab administration to death/last clinical evaluation.
In case of death before disease progression, PFS was equal to
OS time.

Peripheral blood collection

Heparinized peripheral blood (PB) samples (24 mL) were col-
lected before starting nivolumab (REV, n = 69; baseline, T0), at
1 month (T1), 3 months (T3), 6 months (T6), and 12 months
(T12) of treatment (Fig. 1). In addition, PB was collected from 62
healthy donors (HDs) at the Transfusion and Stem Cell Trans-
plantation Unit-IRCCS-Naples. Peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll-Hypaque (GE Healthcare
Bioscience Cytiva, Cat. #17-1440-02) density gradient following
standardized protocols.

Flow cytometry

Flow cytometry was performed on fresh PB samples on BD FACS
Aria III flow cytometer. The optimal performance of the flow
cytometer was measured daily with CS&T beads (BD Biosciences,
Cat. # 655050), and the BD CompBeads particles (BD Biosciences,
Cat. # 552843, RRID: AB_10051478) were used to compensate
spectral overlap according to the manufacturer’s instructions. For
surface markers, cells were incubated with antibodies for 30 minutes
at 4°C, and washed with BD staining buffer (BSA; BD Biosciences,
Cat. # 554657, RRID:AB_2869007). Intracellular antigens were
assessed with a commercially available kit (BD Cytofix/Cytoperm;
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Figure 1.

Study design and Kaplan-Meier curves in patients with mRCC. A, Blood samples (24 mL) were collected before nivolumab (baseline, TO) and after 1(T1), 3(T3), 6

(T6), and 12 (T12) months of treatment. Clinical assessment every 3 months. B, Study enroliment flow chart. C, Kaplan-Meier curve for PFS and overall survival
(0S) in 57 nivolumab-treated patients with mRCC.

fixation and permeabilization [BD Biosciences, Cat. # 554655, RRID:  using LIVE/DEAD cell stain (Invitrogen by ThermoFisher, Cat.
AB_2869005; BD Biosciences, Cat. # 554723, RRID:AB_2869011])  #L34966). The list of antibodies used for immune cell phenotyping
according to the manufacturer’s instructions. Viability was analyzed  is detailed in Supplementary Table S1. The following populations
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were determined: NKs (CD3, CD56, CD16, NKp30, NKp44, NKp46,
NKG2D, KIR2DL1, KIR2DL2/DL3, KLRB1, and PD1) and Tregs
(CD4, CD25, CD127, FOXP3, CTLA4, PD1, ENTPD1, ICOS, He-
lios, and CXCR4). NKs and Tregs gating strategies were shown in
Supplementary Fig. S1A and S1B, respectively. A minimum of
100,000 events for each sample were collected and data were ana-
lyzed using FacsDiva software 8.01 (BD FACSDiva Software RRID:
SCR_001456).

NK-cell cytotoxicity assay

CD37CD56" NKs were isolated from fresh PBMCs by negative
selection using a magnetic beads cell sorting system according to the
manufacturer’s instructions (NK-cell Isolation Kit, human, Miltenyi
Biotec, Cat. #130-092-657). NKs were stimulated with recombinant
interleukin-2 (rIL2, 100 U/mL; Miltenyi Biotec, Cat. #130-097-742)
for 18 hours in RPMI-1640 complete medium before performing
cytotoxicity assays. CD107a (LAMP-1), markers of NK-cell func-
tional activity, was evaluated on rIL2-activated NKs (effector cells)
co-cultured with target K562 cells [RRID:CVCL_0004, obtained
from the National Cancer Institute’s Developmental Therapeutics,
program NCI DTP; the cells were routinely tested to ensure that
they were mycoplasma free and authenticated based on short tan-
dem repeats at Eurofins Genomics] at 10:1 effector/target ratio in
the presence of PE anti-CD107a antibody for 4 hours at 37°C and
5% CO,. To detect spontaneous degranulation, effector cells were
incubated in the absence of target cells. Effector cells plus PMA (2.5
pg/mL; Biotechne Tocris, Cat. #1201) and ionomycin (0.5 pg/mL;
Sigma Aldrich, Cat. #10634) were the activity positive control. Fol-
lowing co-culture, CD107a expression was analyzed on CD3™ -
CD56" NK cells by flow cytometry.

Treg suppression assay

PB-derived CD4'CD25" Tregs and PB-derived CD4'CD25~ T
effector cells (Teffs) were isolated from fresh PBMCs using the
Dynabeads Regulatory CD4"CD25" T-cell kit (>95% purity tested
by flow cytometry; Invitrogen by Life Technologies, Cat. #11363D).
Briefly, CD4" cells were isolated by negative selection using the
human CD4 antibody mix. A depletion beads solution was added to
remove the non-CD4" cells. Next, CD25-beads were added to the
CD4" T cells to capture the CD4"CD25" Tregs and the remaining
fraction corresponded to CD4"CD25 Teff cells. All purification
steps were performed according to the manufacturer’s instructions.
Carboxyfluorescein diacetate succinimidyl ester (CFSE)-labeled
autologous PB-derived Teffs (CellTrace CFSE Cell Proliferation Kit,
Molecular Probes, by Life Technologies, Cat. #34554) were cultured
with PB-derived Tregs at 1:1 ratio in a suppression assay. Cells were
cultured (5 x 10 cells/well) in U-bottom 96-well plates with RPMI-
1640 medium (GE Healthcare Life Sciences, HyClone Laboratories)
supplemented with 2-mmol/L L-glutamine, 100-U/mL penicillin,
100-pg streptomycin, and 10% FBS. Cells were stimulated for 5 days
in the presence of Dynabeads Human T-Activator CD3/CD28 in a
beads-to-cells ratio of 1:1 (Gibco by Life Technologies, Cat.
#11161D) at 37°C in 5% CO,. As a control, Teff cells were cultured
in the presence of Dynabeads Human T-Activator CD3/CD28.
Tregs suppressive activity was assessed through CFSE-labeled Teffs
proliferation by FACS analysis.

Statistical analysis

The statistical distribution of quantitative variables generated by
flow cytometry was assessed by the Shapiro-Wilk normality test. All
variables were described using the mean and standard deviation (s.d.)
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or median and range for quantitative variables, according to the
distribution of data (i.e., normal or non-normal distribution), and
absolute and relative frequency for categorical variables. Outliers were
appropriately eliminated. To compare quantitative variables as pre-
dictors of clinical response to nivolumab (R and NR), the paired
Wilcoxon test or unpaired Mann-Whitney U test for non-normal
data was used, whereas paired or unpaired Student ¢ test was used for
normal data. For normal data, repeated measures ANOVA with
Tukey HSD post hoc test was used to determine treatment effect over
time and Bonferroni’s multiple comparison adjustment approach for
comparison of expression levels between samples and associations
with patient response; for non-normal data, the Friedman test with
Dunn’s post hoc test was used to determine treatment effect over time
and Bonferroni’s multiple comparison adjustment approach for
comparison of expression levels between samples and association
patients response. We first evaluated the outcome with each predictor,
one at a time, and then considered variables that met a preset cutoff
for significance P < 0.05 to run a multivariable model. Second,
multivariable logistic regression analyses were performed to identify
the independent predictors (continuous) without multicollinearity
and to estimate their contribution to the clinical response (dichoto-
mous). The early clinical response prediction performance for each
predictor and the best cutoff search were also assessed with receiver
operating characteristic curve (ROC) analysis, and the areas under the
curve (AUC) were calculated and compared using the DeLong
method. Third, the best cutoff was then applied to PFS and OS as
endpoints, to estimate the prognostic effect of the predictors. Finally,
to generate new biological-clinical hypotheses, exploratory survival
analyses were performed to estimate the effect of multiple predictor’s
best cutoff categories for predefined subgroups of patients. Statistical
analysis was performed using Statistical Package for Social Sciences
(version 20, RRID:SCR_002865) and Graphpad Prism (Graphpad
Software, Inc., RRID:SCR_002798).

Cross-validation

To improve the results’ robustness, the internal validity of the
model was evaluated through 5,000 bootstrap resamples with point
estimates and 95% confidence intervals for each cutoff bootstrapped
distribution (model evaluation bias, the 0.632+ bootstrap cross-
validation technique). For each bootstrap resample, a sample of n =
632 was randomly selected from the original cohort; the probability
of inclusion of any participant at each draw was independent of
inclusion at previous draws, and therefore, participants could be
included in the bootstrap sample multiple times, once, or not at all.
The 0.632+ bootstrap cross-validation technique allowed us to
evaluate the performance of classifiers and to solve the optimism
problem in model evaluation bias. The best cutoff selection was
performed by the 0.632+ bootstrap method. Point estimates and
95% confidence intervals for each cutoff bootstrapped distribution
with the corresponding AUCs were performed.

Data availability

The data are openly available at https://zenodo.org/records/
11394968 and from the corresponding author upon reasonable
request.

Results

Patient characteristics and study design
Sixty-nine patients with mRCC were enrolled from April 2016 to
June 2022 (11/69 patients according to the nivolumab expanded
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Figure 2.

Pretreatment NKs and Tregs in patients with mRCC-REV. A, Upper: % NKs and % P°""NKs in HD and REV groups. % NKs: HD (n = 39) vs. REV (n = 54), P=NS; %
PO*NKs: HD (n = 37) vs. REV (n = 51), P < 0.001. Lower: Representative comparison between HD#1457 and REV#4, HD#2 and REV#43. B, Upper: % “®'°72*NKs in
HD (n =17) and REV (n = 56) groups, P < 0.05. Lower: Representative comparison between HD#5 and REV#34. C, Upper: % Tregs in HD (n = 34) and REV (n =
55) groups, P < 0.01. % PP Tregs: HD (n = 31) vs. REV (n = 51), P < 0.01. Lower: representative comparison between HD#2 and REV#35, HD#1362 and REV#26.
D, Upper: % CFSE-Teff proliferation/Tregs dependent in HD (n = 15) vs. REV (n = 55) groups, P < 0.001. Lower: Representative comparison between HD#3 and
REV#54. Box plot showing the data distribution across groups with minimum, median, and maximum values. Two-tailed test comparison of differences between

two independent groups (*, P < 0.05; **, P < 0.01; ***, P < 0.001).

access program) in the REVOLUTION trial (NCT03891485), a
longitudinal, prospective, observational, multicenter study. Patients,
who had undergone nivolumab therapy as the second/third/fourth
line of therapy for mRCC, were evaluated for peripheral NKs and
Tregs, phenotype, and function, at time 0-1-3-6-12 months of
treatment (Fig. 1A). Twelve patients were considered not evaluable
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after TO evaluation as 8/12 did not return to the academic center
and 4/12 died within a month receiving only one nivolumab
treatment (early death patients; Fig. 1B). Demographic and clinical/
pathological characteristics of patients with mRCC-REV and HDs
were reported in Supplementary Tables S2 and S3, respectively. All
patients and HDs were Caucasian. Patients and HDs were gender
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matched. The impact of age, not perfectly matched, was evaluated
(Supplementary Fig. S2A-S2]). The study population shows median
PFS and OS of 6.0 months (95% CI, 2.8-9.1) and 21.0 months (95%
CI, 13.6-28.4), respectively, in accordance with previous results
(Fig. 1C; ref. 15). Study-patient representativeness was shown in
Supplementary Table S4.

At pretreatment, peripheral samples from patients with
mRCC-REV display impaired NKs and a higher frequency of
Tregs compared with HDs

Fifty-seven patients with mRCC-REV were evaluated at the time of
the enrolment and compared with 62 HDs. Peripheral immune cell
subsets were analyzed through multi-parameter flow cytometry.
CD4'T cells, "P'*CD4, CD8'T cells, "°'*CD8, NKs (CD3~CD56"),
NKs®™ (CD3~CD56"™CD16"), NKs""8" (CD3~CD56™"¢"CD16 "),
NKs expressing activating receptors (NKG2D, NKp44, NKp30, and
NKp46) or inhibitory receptors (KIR2DL1, KIR2DL2/DL3, and KLRB1
plus PD1), Tregs (CD4*CD25"CD127°"Foxp3*), and Tregs activation
markers (CTLA-4, PD1, ICOS, Helios, ENTPD1, and CXCR4) were
evaluated (Supplementary Table S5). NKs frequency was unmodified
but PP"*NKs were higher as compared with HDs (mean + s.d.: 50.9% +
22.9% vs. 16.2% + 12.4%; P < 0.001, respectively; Fig. 2A). As shown in
Fig. 2B, IL2 treated REV-NKs cultured with K562 cells exhibited lower
surface CD107a as a measure of NK cytotoxic activity when compared
with HDs (mean + s.d.: 6.4% + 6.4% vs. 14.4% + 8.9%; P < 0.01). NKs
expressing activating receptor, NKpINKs, were significantly lower in
patients with REV compared with HDs (mean + s.d.: 3% + 3.5% vs.
14.6% + 5.5%; P < 0.001), whereas "P***NKs and “%****NKs fre-
quencies were higher (mean + s.d.: 76.9% =+ 37.2% vs. 39.9% + 23.9%;
P <0.001 and 68.9% + 21% vs. 53.6% * 16.2%; P < 0.01; Supplementary
Fig. S3A). In terms of inhibitory receptors, the frequency of “™*PM'*.
NKs and “F*PE2PI3*NKs were higher as compared with HDs (mean +
s.d.: 10.4% + 9% vs. 4.6% + 4.8%; P < 0.001; 34.1% + 14.5% vs. 27.7% +
10.9%; P < 0.05; Supplementary Fig. S3B). The subset of NKs co-
expressing PD1 and KIR2DL1 or PD1 and KIR2DL2/DL3 was signif-
icantly higher in patients REV as compared with HDs (mean + s.d.:
8.6% £ 9.9% vs. 3.1% + 2.9%; P < 0.01; 16.2% + 11.2% vs. 10.3% * 6.5%;
P < 0.01, respectively; Supplementary Fig. S4) in accordance with
previous results (37, 38). A high frequency of peripheral Tregs
(CD4*CD25*CD127°"Foxp3™) and *"*Tregs was observed in patients
with REV vs. HD (mean + s.d.: 1.4% + 0.8% vs. 0.4% + 0.2%; P < 0.01;
55.7% + 27.6% vs. 23% + 17.8%; P < 0.01; Fig. 2C). Tregs from patients
with REV were more suppressive to T effectors than HDs in co-culture
assay (mean + s.d.: 51.7% + 34.9% vs. 85.4% + 13.7%; P < 0.001 Teff
proliferation; Fig. 2D). Moreover, immunosuppressive "> Tregs and
ENTPDI*Tregs were significantly higher in patients with REV compared
with HDs (mean + s.d.: 49.2% + 33.4% vs. 19.5% + 7.6%; P < 0.05;
50.2% + 27.8% vs. 33.9% + 26.4%; P < 0.01; Supplementary Fig. S3C).
Finally, *”'*CD4 and PP'*CD8 were significantly higher in patients
with REV as compared with HDs (mean * s.d.: 49.7% + 33.0% vs.
29.1% + 18.0%; P < 0.05; 38.0% + 27.2% vs. 18.7% + 8.9%; P < 0.01;
Supplementary Fig. S3D). Altogether, these data reveal that the PB of
patients with REV displayed pretreatment defective NKs and a higher
frequency of Tregs endowed with increased suppressive functions as
compared with HDs.

Peripheral NKs and Tregs did not change significantly during
nivolumab treatment in patients with REV

NKs and Tregs, phenotype, and function, were longitudinally
evaluated in PB; 45-paired samples were analyzed at time 0-1-
3 months (Supplementary Fig. S5; Supplementary Table S6),
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showing that the total frequency of NKs does not significantly
change over time. N¥P***NKs significantly decreased post 1 and
3 months of treatment, whereas “™*P**NKs significantly increased
after 1 month of treatment (Supplementary Fig. S5A). "4+ Tregs
modestly but significantly decreased after 3 months of therapy
(Supplementary Fig. S5C).

Pretreatment peripheral low CD3", high K'R2PL2/PL3+NKs high
Helios+1rags, and PP™*Tregs profile identifies patients with
nivolumab response

Based on 3 months of clinical response, patients were classified as
Rs (PR, SD >6 months; 33/55) and NRs (SD <6 months, PD, D; 22/
55; Supplementary Fig. S6). At pretreatment, R patients presented
significantly lower CD3" (mean = s.d.: 71.9% * 8.6% vs. 77% + 6.5%;
P < 0.05), higher <™R?PT#PI3*NKs (mean + s.d.: 39.1% + 14.4% vs.
28.3% + 11.4%; P < 0.001), higher "P"*Tregs (mean + s.d.: 64.4% +
27.5% vs. 47.3% + 24.4%; P < 0.05) and 7" Tregs (mean + s.d.:
60.4% + 30.2% vs. 32.2% + 33.2%; P < 0.01; Fig. 3A; Supplementary
Table S7). This suggests that R patients display at baseline a less
efficient immune peripheral phenotype, with defective NKs and
higher Tregs, than the group as a whole. We performed the same
analysis again, including the four patients who died within 1 month
of enrolment as NR; the results were identical (Supplementary Table
S8). We also noted higher pretreatment frequencies of
KIR2DL2/DL3+\c PD 1J'Tregs, and Heh"”Tregs in patients who reached
12 months of treatment (LR, Long Responders; Supplementary Fig.
S7). These immune populations were evaluated as predictor vari-
ables in a multivariate test predicting 3 months of clinical response.
Collinearity diagnostics showed a high correlation between FP'*-
Tregs and " Tregs, so "' "Tregs were excluded from the anal-
ysis. The logistic regression methods identified CD3" (P = 0.029;
OR: 1.228; 95% CI, 1.022-1.475), KIR2PL2/PL3+NK (P = 0.047; OR:
0.929; 95% CI, 0.863-0.999) and "®***Tregs (P = 0.025; OR: 0.963;
95% CI, 0.932-0.995) each as independent predictors of nivolumab
responsiveness (Table 1). Through ROC curve and 0.632+ cross-
validation bootstrap methods, R from NR cutoff values were iden-
tified. ROC curve relative to pretreatment XR?*PT2PL3*NKs and
HeliostTregs as nivolumab predictive markers displayed statistically
significant results for both AUCs estimated by 0.632+ internal cross-
validation approach equal to 0.724 (P < 0.001) for ¥R2PL2/PL3+NKs
and to 0.741 (P < 0.001) for "i*Tregs. The KIR2PL2/PL3NKy op-
timally selected cutoff point of 35.3% (95% CI, 25.8-43.0) resulted
in 80.95% sensitivity, 60.71% specificity with a positive predictive
value (PPV) 81% (probability of correctly identifying a nivolumab R
patient when the value of ¥®?PXPL3*NKs is >35.3%) and negative
predictive value (NPV) 60.7% (probability of correctly identifying a
nivolumab NR patient when the value of *"®?P->/PL3*NKs is <35%).
The He°**Tregs optimally selected cutoff point of 34.3% (95% CI,
24.5-45.2) resulted in 70.6% sensitivity, 75.0% specificity, with a
PPV of 78.3% and NPV of 66.7% (Supplementary Fig. S8; Supple-
mentary Table S9).

Pretreatment peripheral K'R2PL2/PL3+NKg and Helos+Tregs
predict survival in patients with REV

To evaluate the prognostic value of pretreatment
and 7" Tregs, Kaplan-Meier curves were developed based on the
above-defined optimal cutoff value. Patients with REV with pre-
treatment <TR2PTPL3NK 535 3% displayed significantly longer OS
(median 33.0 vs. 15.0 months; P = 0.036). In contrast, patients with
REV that at pretreatment presented 7" Tregs >34.3% displayed
longer PFS (median 22.0 vs. 3.0 months; P = 0.003; Fig. 3B). The
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Figure 3.

Pretreatment low CD3*, high KIR2PL/PL3*NKs PP Trags and Heo5* Tregs predict nivolumab response. A, Frequencies of CD3* (as a percentage of lymphocytes)
and KIR2PL2/PL3*NKs PPT*Trags, and Me°*Tregs in R vs. NR patients. CD3™: (33 R vs. 31 NR; P < 0.05); 'RePL2/PL3*NKs: (28 R vs. 21 NR; P < 0.01); PP™*Tregs: (28 vs.
21NR; P < 0.05); "°5*Tregs: (24 R vs. 17 NR; P < 0.01). Box plot showing the data distribution across groups with minimum, median, and maximum values. Two-
tailed test comparison of differences between two independent groups (*, P < 0.05; **, P < 0.01; ***, P < 0.001). B, Kaplan-Meier survival curves for PFS and OS
of patients with mRCC-REYV, stratified according to optimal cutoff identified by ROC analyses; C, Kaplan-Meier plots for PFS according to combination of
Helios+Tregs-KIR2DLZ/DLI*NKs values. Low-Low (black line); Low-High (dotted red line); High-Low (red line); High-High (blue line). P-values by log-rank test.
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Table 1. Logistic regression predicting likelihood of nivolumab response.

95% ClI for odds ratio

(%) B SE Wald df P Odds ratio Lower Upper

T=0
cD3* 0.205 0.094 4.790 1.000 0.029 1.228 1.022 1.475
KIR2DL2/DL3*NKs —0.074 0.037 3.932 1.000 0.047 0.929 0.863 0.999
Relios*Trags —0.038 0.017 5.024 1.000 0.025 0.963 0.932 0.995
Constant —11.610 6.212 3.493 1.000 0.062 0.000

T =1 month of treatment
CcD3" 0.144 0.064 5119 1.000 0.024 1155 1.019 1.309
KIR2DL2/DL3*NKs —0.066 0.032 4185 1.000 0.041 0.936 0.878 0.997
ICOS*Tregs —0.033 0.024 1.865 1.000 0172 0.968 0.923 1.014
Constant —8.031 4.726 2.888 1.000 0.089 0.000

Multivariate logistic regression method enter; variable or predictor at basal level: % CD3*, % KIR2PL/DL3*NKs and % Hellos*Tregs; variable or predictor after 1 month
of treatment: % CD3", % KIR2PL2/DL3*NKs and % '“©%*Tregs; P value significance < 0.05; B: the estimated coefficient; SE: standard error around the co-efficient.
Wald chi-square statistics; df: degree of freedom for Wald chi-square statistics; Exp (B): exponentiation of B coefficient is an OR predicted change in odds for a
unit increase in the predictor; Cl: 95% confidence interval for the odds ratio with its upper and lower limits.

evaluation of """ Tregs and *"™?PLPL3*NKs were combined in
four groups: 1. Low-Low, 2. Low-High, 3. High-Low, and 4. High-
High. As shown in Fig. 3C, patients with *Tregs-
KIR2DL2/DL3+NKs High-High and High-Low showed a longer PFS
compared with Low-Low patients (median 31 vs. 2 months; P =
0.0056 and 9.5 vs. 2 months; P = 0.0136, respectively). DCR was also
evaluated for 37 patients with REV expressing both <IR2PL2/PL3+ K
and " Tregs with clinical response available. 13/37 (35.1%) ex-
press high "<i*Tregs >34.3%-high <"2P'2PL3NKs >3539%
(High-High) at pretreatment. In this group, the DCR (PR + SD/PR
+ SD + PD x 100) was 77% (10/13 were R patients). Conversely, in
13/37 (35.1%) that express low T*Tregs <34.3%-low
KIR2DL2/DL3+NKs <35.3% (Low-Low) the DCR was 15% (2/13 were
R patients), (Supplementary Fig. S9; Supplementary Table S10).
These results suggest that response is most likely to occur in patients
that at pretreatment display a specific NK subgroup expressing
KIR2DL2DL3 receptors and Tregs expressing Helios and thus the
elevated pretreatment "*?PPL3*NKs and Hi°*Tregs represent
suitable biomarkers for PFS/OS in nivolumab-treated patients
with mRCC.

After 1 month of nivolumab, CD3* and 'R2PL2/PL3+NK
frequencies predict response and correlate with survival in
patients with REV

After confirming the importance of pretreatment rates of NK and
Tregs, we explored the predictive role of peripheral NK and Treg
phenotypes after 1 month of nivolumab treatment (T1). Evaluating
the PB analysis after 1 month of treatment with the response status
of patients, R patients displayed lower CD3" (mean + s.d.: 72.8% +
8.1% vs. 77.9% + 6.9%; P < 0.05) and CD4" (mean + s.d.: 42.2% +
9.1% vs. 48.3% * 11.1%; P < 0.05), and higher NKs (mean * s.d.:
12.8% + 7% vs. 8.2% + 5.9%; P < 0.05), "*P1¥PL**NKs (mean =
s.d.: 37.5% + 17.3% vs. 27.6% + 12.5%; P < 0.05) and "““%*Tregs
(mean =+ s.d.: 38.1% + 16.3% vs. 25.1% + 19.9%; P < 0.05), than NR
(Fig. 4A; Supplementary Table S11). When the immune cell subsets
were stated as predictor variables in a multivariate test, collinearity
diagnostics showed a high correlation between the frequencies of
CD3", CD4" and NKs. Thus, CD4" and total NKs were excluded by
multivariate analysis. Through logistic regression methods, CD3"
(P = 0.024; OR: 1.155; 95% CI, 1.019-1.309) and <R?PLZ/PL3+NK
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(P = 0.041; OR: 0.936; 95% CI, 0.878-0.997) were independent
predictors of nivolumab responsiveness (Table 1). About CD3" and
KIR2DL2/DL3+NKs as predictive biomarkers of nivolumab response at
T1, the ROC curve displayed statistically significant results for both
AUCs estimated by 0.632+ internal cross-validation approach equal
to 0.672 (P < 0.001) for CD3" and equal to 0.677 (P < 0.001) for
KIR2DLDL3+NKs, The CD3* optimally selected cutoff point of 71%
(95% CI, 59.6-83.2) resulted in 86.4% sensitivity, and 48.5% speci-
ficity, with a PPV of 84% (probability of correctly identifying a
nivolumab R patient when the value of CD3" is <71%) and a NPV
of 52.7% (probability of correctly identifying a nivolumab NR pa-
tient when the value of CD3" is >71%). The ¥R*PL/PL3*NKs op-
timally selected cutoff point of 23.3% (95% CI, 14.4-31.5) resulted
in 55.5% sensitivity, 86.7% specificity, with a PPV of 74.3 and NPV
of 73.3% (Supplementary Fig. S10; Supplementary Table S12). Here,
the association of low frequencies of CD3" cells and high
KIR2DL2/DL3+NKs with response may reflect the impact of nivolumab
on the entire T-cell compartment and confirm the role of
KIR2DL2/DL3 NIKs as discussed below.

After 1 month of nivolumab, low frequency of CD3" (<71%)
significantly correlated with longer PFS (median 20 vs. 4 months;
P = 0.0307) but not with OS (median 23 vs. 17 months; P = 0.40),
whereas higher frequency of *®*PX/PL3*NKs (>23.3%) associated
with both PFS (median 22 vs. 2 months; P = 0.0002) and OS
(median 33 vs. 7 months; P < 0.0001; Fig. 4B). Extending these
remarkable differences, combining CD3* and “'*°P L2/DL3+NK s
values showed that patients with low CD3%(<71%) and high
KIRZDL2/DLI*NKs (>23.3%), or high CD3* and high ¥'*2PLPL3*NKs
after 1 month of nivolumab have longer PFS and OS as compared
with high CD3* and low *R*PI2PI3*NKs (Low-High vs. High-
Low, PFS: median survival not reached vs. 2 months; P < 0.0001;
OS: median not reached vs. 5 months; P < 0.0001; High-High vs.
High-Low, PFS: median survival 18 vs 2 months; P = 0.0002; OS:
median 33 vs. 5 months; P = 0.002, respectively; Fig. 4C). In Fig. 5 a
recapitulating cartoon is reported.

Discussion

REVOLUTION is a peripheral, longitudinal study aimed at
identifying biomarkers predicting nivolumab response in patients

CLINICAL CANCER RESEARCH
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Schematic representative. A, Nivolumab-treated patients with mRCC are evaluated for peripheral NKs and Tregs, phenotype, and function. Clinical evaluation at
3 months identifies patients R and NR. B, Pretreatment (TO) evaluation of NKs and Tregs identified R patients (high KR2PL2/PL3*NKs and high He°*Tregs) with
improved prognosis. C, One-month post-nivolumab treatment evaluation of NKs and Tregs identified R patients (low CD3* and high “'R?PL2/PL3*NKs) with

improved prognosis.

with mRCC. NKs and Tregs, phenotype and function, were analyzed
in 57 patients with mRCC-REV at pretreatment and during nivo-
lumab treatment. At pretreatment, patients with mRCC-REV dis-
played a high percentage of P'*CD4"/CD8", defective NKs, and
increased suppressive Tregs as compared with HDs. In particular,
patients with mRCC were characterized by a high frequency of NKs

Clin Cancer Res; 30(20) October 15, 2024

expressing inhibitory receptors (KIR2DL1, KIR2DL2/DL3, and
PD1) and Tregs expressing activation markers (PD1, Helios, and
ENTPD1). Clinical evaluation of nivolumab response at 3 months
stratified patients as R and NR. At the pretreatment evaluation, R
patients exhibited higher frequencies of “"*2P1#PL3*NKs and Hetios+
Tregs. According to the defined cutoff, <™"*P*#PI3*NKs >35.5% and

CLINICAL CANCER RESEARCH



HeliostTregs >34,3% predicted nivolumab sensitivity and prognosis.
Therefore, we suggest that the peripheral pretreatment level of
KIRZDL2DLINKs and P Tregs represents an easy and noninvasive
biomarker of response to nivolumab in patients with mRCC, alone
and even more accurately in combination. Additionally, we explored
the predictive role of peripheral NKs and Tregs after 1 month of
nivolumab treatment. The frequency of lower CD3" and higher
KIR2DL2DL3+NKs correlated with clinical benefit and survival in pa-
tients with REV.

Our observation of a higher frequency of NK expressing the in-
hibitory receptor KIR2DL2/DL3 associated with nivolumab re-
sponsiveness and longer OS initially appears counterintuitive. NK
cells exert selective cytotoxicity against tumor cells largely based on
MHC class I-specific inhibitory receptors KIRs and CD94-NKG2A
(28). Tumor MHC-I heterogeneity affects biological aggressiveness,
metastatic potential, and immunotherapy sensitivity (39). MHC-I
deficient tumor cells derive from T-cell immune selection in pri-
mary heterogeneous tumors (40) and cancer cells lacking the MHC-
I molecule will interrupt MHC-I-KIR interaction (“missing-self
recognition”). KIR2DL1-3 binds to the ligand HLA-C, expressed by
tumor cells and other nucleated cells, to prevent the activation of
NK cells, thereby regulating the cytotoxicity of NK cells and in-
ducing self-tolerance (41, 42). Interestingly patients with triple-
negative breast cancer carrying KIR2DL2+/HLA-Cl+ displayed
improved clinical response to pegylated-IL2 plus nivolumab (43).
Conversely, in patients with metastatic solid tumors, no associations
were identified between KIR-ligand present/missing status and
prognosis (e.g., PIVOT-02 trial evaluating pegylated -IL2 with
nivolumab; refs. 43, 44). The acquisition of KIR surface expression
by NK cells derives from the process called “licensing”. During
maturation, NK cells modulate their activation response and in-
crease functional activity (45). Licensing derives from the recogni-
tion of the corresponding HLA-I complex on healthy cells by an
inhibitory KIR and the subsequent transduction of the inhibitory
signal through the inner domain of the receptor (46-48). Patients
with the KIR-ligands present genotype (HLA-C1) may have more
“licensed” (namely more potent) NKs that, in this setting, may not
be inhibited because of the low level of HLA on their tumors and
thus be associated with a greater antitumor effect (43). As previously
reported, 84% of patients with mRCC (88/107) showed HLA-CI1, the
ligand for KIR2DL2/DL3 (49), and in 20 primary RCC tumor
samples 45% (9/20) partial/or complete loss of HLA-I molecules was
reported (50). Preliminary evidence showed that nivolumab R pa-
tients displayed tumoral low HLA-I (-A,-B,-C) as compared with
NR patients, and HLA-I expression inversely correlated to pre-
treatment peripheral %<"™*P'¥PL3*NKs (Supplementary Fig. S11).
Thus, we can speculate that NKs of R patients are more “licensed”
and PD1 inhibition in patients with tumor cells with low or no
HLA-T expression results in NK activation.

High pretreatment frequency of active peripheral Tregs
(expressing PD1, Helios, and/or ENTPD1) was previously described
in primary and patients with mRCC (51-53). The effects of anti-
PDI1 on Tregs are not completely clear. In patients with hyper-
progressed gastric cancer, nivolumab increased the proliferation of
tumor-infiltrating Tregs and potentiated the in vitro suppressive
activity of peripheral Tregs (54). On the contrary, ex vivo CXCR4
antagonist/nivolumab treatment of peripheral Tregs from patients
with primary RCC decreased Tregs suppressive function while in-
creasing IFN-y secretion (53). Consistent with that, in vitro block-
ade of PD1 increased the proliferation of peripheral Tregs and
pSTAT3 expression while reducing Treg-suppressive function in
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patients with melanoma (55). In this study, we observed pretreat-
ment higher percent of "?*Tregs and "°**Tregs in nivolumab R
patients. As was previously reported, circulating PD”Tregs poten-
tially predict anti-PD1 response in patients with melanoma. In
particular, patients with melanoma responding to nivolumab dis-
played high pretreatment *°'*Tregs, which may be modulated by
the PD1 blockers (56). Consistent with this, our data show that
pretreatment 7" Tregs predicts nivolumab response. The mean-
ing of """ Treg cells is not entirely clear, with conflicting results
that are dependent on context and Treg evaluation as distinct
functional subpopulations (57, 58), FOXP3 stability (59), epigenetic
changes (60, 61), and function as CFSE assay proliferation (62, 63).
In cancer, low or high ***Tregs were linked with poor prognosis
(57, 64, 65). High CTLA-4, CD39, TIGIT, and PD1 were associated
with highly immunosuppressive " Tregs in NSCLC and colo-
rectal cancer (66, 67). Herein, Heli‘”\J'Tregs showed a moderate
correlation with PP Tregs in R patients (Kendall’s coefficient 0.396;
P < 0.015) but not in the NR group (Kendall’s coefficient 0.125; P <
0.48; Supplementary Fig. S12) suggesting that in R patients high
PP Tregs and M Tregs could identify a population more sensi-
tive to anti-PD1 therapy, although Helios seems a marker, more
than a driver, of human Treg stability (58). To support it, although
not significant, pretreatment Tregs isolated from R patients were
less able to inhibit T effector cell proliferation as compared with NR
Tregs, allowing the speculation that *°**Tregs and "***Tregs may
not necessarily reflect suppressive Tregs (58, 61, 68). Of note, after
1 month of nivolumab, a trend in the decrease of *P'*Tregs and
HeliostTregs was observed in R patients (Supplementary Fig. S13),
suggesting that anti-PD1 could exert an antitumor effect reducing
active Tregs. Preliminary evidence showed that after 1 month of
nivolumab, only Tregs from R patients were inhibited by the newly
developed CXCR4 antagonist R54 (69), suggesting that CXCR4 may
play a crucial role in inhibiting Tregs function in mRCC as in
primary RCC (70). Moreover, patients with mRCC with high pre-
treatment peripheral "®'*Tregs and "®***Tregs, had a better re-
sponse to anti-PD1 therapy suggesting PD1 blockade may attenuate
the immune-suppressive function of Tregs.

Taken together, these results suggest that pretreatment or early
on-treatment (1 month) evaluation of KIR2PL2/PL3+NKg and Heliost
Tregs or CD3" and M®2PL¥/PL3*NKs, respectively, represents early,
feasible, predictive and prognostic biomarkers in nivolumab-treated
patients with mRCC and may help in categorizing patients who will
benefit from nivolumab. Collection of these biomarkers will be
evaluated in an ongoing study of first-line ICI-tyrosine kinase in-
hibitor versus ICI-ICI in patients with mRCC.
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