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ABSTRACT
Background The phase II NIVOREN GETUG- AFU 26 study 
reported safety and efficacy of nivolumab in patients with 
metastatic clear cell renal cell carcinoma (m- ccRCC) in a 
‘real- world setting’. We conducted a translational- research 
program to determine whether specific circulating 
immune- cell populations and/or soluble factors at baseline 
were predictive of clinical outcomes in patients with m- 
ccRCC treated with nivolumab within the NIVOREN study.
Methods Absolute numbers of 106 circulating immune- 
cell populations were prospectively analyzed in patients 
treated at a single institution within the NIVOREN trial 
with available fresh- whole- blood, using dry formulation 
panels for multicolor flow cytometry. In addition, a panel 
of 14 predefined soluble factors was quantified for each 
baseline plasma sample using the Meso- Scale- Discovery 
immunoassay. The remaining patients with available 
plasma sample were used as a validation cohort for the 
soluble factor quantification analysis. Tumor immune 
microenvironment characterization of all patients included 
in the translational program of the study was available. 
The association of blood and tissue- based biomarkers, 
with overall survival (OS), progression- free survival (PFS) 
and response was analyzed.
Results Among the 44 patients, baseline unswitched 
memory B cells (NSwM B cells) were enriched in 
responders (p=0.006) and associated with improved 
OS (HR=0.08, p=0.002) and PFS (HR=0.54, p=0.048). 
Responders were enriched in circulating T follicular helper 
(Tfh) (p=0.027) and tertiary lymphoid structures (TLS) 
(p=0.043). Circulating NSwM B cells positively correlated 
with Tfh (r=0.70, p<0.001). Circulating NSwM B cells 
correlated positively with TLS and CD20 +B cells at the 
tumor center (r=0.59, p=0.044, and r=0.52, p=0.033) 

and inversely correlated with BCA- 1/CXCL13 and BAFF 
(r=−0.55 and r=−0.42, p<0.001). Tfh cells also inversely 
correlated with BCA- 1/CXCL13 (r=−0.61, p<0.001). IL- 6, 
BCA- 1/CXCL13 and BAFF significantly associated with 
worse OS in the discovery (n=40) and validation cohorts 
(n=313).
Conclusion We report the first fresh blood immune- 
monitoring of patients with m- ccRCC treated with 
nivolumab. Baseline blood concentration of NSwM B cells 
was associated to response, PFS and OS in patients with 
m- ccRCC treated with nivolumab. BCA- 1/CXCL13 and 
BAFF, inversely correlated to NSwM B cells, were both 
associated with worse OS in discovery and validation 
cohorts. Our data confirms a role for B cell subsets in 
the response to immune checkpoint blockade therapy 
in patients with m- ccRCC. Further studies are needed to 
confirm these findings.

BACKGROUND
Immunotherapy, particularly immune check-
point blockade (ICB) therapy, has revolution-
ized the landscape of systemic therapy across 
different solid tumors by boosting the effector 
T cell responses.1 Immune checkpoint inhib-
itors have the potential to provide sustained 
responses and long- term survival in different 
solid tumors, including metastatic clear cell 
renal cell carcinoma (m- ccRCC).2 However, 
only a subset of patients will benefit from 
these treatments.3–6 The understanding of 
the underlying mechanisms of the antitumor 
immune response and the identification of 
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reliable biomarkers of response to ICB has therefore 
become a major goal of immunotherapy research.

To date, there is still no validated biomarker of 
response to ICB for m- ccRCC.2 Until recently, the search 
of biomarkers had mainly focused on T cells and tumor 
cells, and mostly at tissue level.7–9 Despite its success in 
other solid tumors, and its ability to enrich for response to 
ICB doublet in m- ccRCC, the programmed death ligand- 1 
(PD- L1) expression is not routinely used as a predictive 
factor in m- ccRCC.2 10 Likewise, the tumor mutational 
burden has been postulated as a promising biomarker 
in non- small cell lung cancer (NSCLC) and other solid 
tumors, however it was not confirmed in m- ccRCC.8 11 
Immune signatures have actively been developed across 
trials ; however, they are still not ready for incorporation 
into routine clinical practice.7 9 12

As main protagonists and targets of ICB therapy, 
infiltrating- cytotoxic T cells have been largely investi-
gated, however the results in m- ccRCC are controver-
sial.7 8 Growing evidence supports the role of other 
immune players in the antitumor response, such as 
myeloid- derived suppressor cells or B lymphocytes.13 14 
Infiltrating B cells have been detected in different solid 
tumors, including m- ccRCC.13 15 The role of these cells is 
still under debate.16 17 Some studies highlight the immune- 
inhibitory functions of the tumor- associated B cells which 
may behave as regulatory B cells inhibiting the inflamma-
tory antitumor response and even inducing tumor hetero-
geneity and therapy resistance.18–20 Other studies suggest 
that B cell subpopulations promote and sustain tumor 
inflammation and are implicated in antigen presentation, 
T cell activation, and cytokine production.16 17 Addition-
ally, there is increasing evidence that tumor infiltrating 
B cells, especially those present with T cells in organized 
lymphoid aggregates called tertiary lymphoid structures 
(TLS), correlate with better prognosis.13 21 Furthermore, 
five recently reported studies have shown an association 
of B cells and TLS with clinical outcomes in patients with 
cancer treated with ICB.17 22–25 Specifically, in the study 
conducted by Helmink and colleagues, tumors from 
responder patients were enriched in memory B cells and 
presented increased plasma cells compared with tumors 
from non- responders.17 These data suggest that B cell 
subpopulations within the TLS may modulate the T cell 
antitumor response and represent a potential marker of 
response to ICB.

In contrast to tissue- based markers, the identification 
of blood- based biomarkers, has emerged as a prom-
ising approach given their availability and the potential 
to be a better reflection of the host and tumor immune 
status at a specific time point. Thus, among blood- based 
biomarkers, circulating immune cells and soluble factors 
have also been investigated.14 26–29 Data on the role of 
circulating B cells and antitumor response are scarce. 
Total circulating B cell pool mainly consists of naive 
B cells (CD19+, CD27–, IgD+, IgM+), double negative 
B cells (DN B cells, CD19+, CD27–, IgD–/IgM–) and 
memory B cells including unswitched (NSwM, CD19+, 

CD27+, IgD+, IgM+) and switched memory B cells (SwM 
B cells, CD19+, CD27+, IgD–, IgM–). A retrospective 
study including different cancer types treated with ICB, 
reported that levels of pretreatment circulating B cells 
correlated negatively with response to ICB.26 However, 
the correlation of the different circulating B cell subsets 
with the response to ICB was not evaluated in m- ccRCC. 
Very recently, Xia et al identified IgM +memory B cells 
as predictors of response to anti- programmed cell death 
protein- 1 (PD- 1) treatment in advanced NSCLC.30

The aim of our study was to determine whether 
specific immune cell populations and/or soluble factors 
at baseline were predictive of clinical outcomes to ICB 
in m- ccRCC. Therefore, we characterized immune- cell 
populations in fresh- whole- blood and performed circu-
lating soluble factors quantification at baseline in patients 
with m- ccRCC treated with nivolumab within the phase 
II NIVOREN GETUG- AFU 26. Furthermore, tumor 
immune microenvironment (TIME) characterization was 
correlated with blood- based biomarkers.

PATIENTS AND METHODS
Patient cohorts and sample collection
This study was conducted as part of the translational 
program of the multicenter, prospective, phase II 
NIVOREN GETUG- AFU 26 trial (EudraCT n°: 2015- 
004117- 24/03013335) (online supplemental figure 
S1). Seven hundred and twenty- nine patients with 
m- ccRCC previously treated with at least one anti- 
angiogenic were included in this trial. Patients received 
nivolumab monotherapy 3 mg/kg every 2 weeks until 
death, disease progression, unacceptable toxicity, or 
withdrawal of the informed consent. Response was 
assessed every 12 weeks by RECIST V.1.1.

Six hundred and seventeen patients out of the 729 
patients included in this trial took part in the trans-
lational program. The study design included the 
collection of patient’s clinical data, blood samples at 
baseline, at 1 month and at end of treatment (EOT) 
(including fresh blood samples for the patients treated 
at the Institute Gustave Roussy (IGR)), and tumor 
tissue samples, after signature of informed consent. 
This study was conducted in accordance with ethical 
principles for medical research involving human 
subjects reported in the Declaration of Helsinki.

For the fresh blood immune- phenotyping and 
soluble factors quantification analysis, all consecutive 
44 patients of the trial treated at a single institution 
(IGR) and enrolled in the translational study were 
defined as the discovery cohort. For the immunohis-
tochemistry (IHC) analysis, 324 patients with centrally 
confirmed clear cell renal cell carcinoma tumor tissue 
(>50% tumor cells) were included (PRTK cohort). 
Seventeen patients were included in both the fresh 
blood immune- phenotyping and IHC analysis. The 
results of the soluble factor quantification analysis 
were confirmed in an independent validation cohort 
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including 313 patients where plasma samples were 
available.

Multicolor flow cytometry
The procedures to perform blood immune pheno-
typing on fresh- whole- blood samples and flow 
cytometry antibodies and fluorochromes used are 
described in the online supplemental methods 
and table S1, respectively. Unsupervised analysis of 
flow cytometry data were performed using t- distrib-
uted stochastic neighbor embedding (t- SNE) algo-
rithm with the online R software (V.3,5,0, cytofkit2 
package). After setting the compensation matrix, 
CD19 +or CD3+cells events were extracted and soft-
ware transformation was applied, t- SNE analysis 
was achieved on 2000 CD19 +for each sample, using 
‘B- cell’ panel markers. Flow cytometry gating strategy 
were performed as previously described.31 Supervised 
analysis of flow cytometry data were performed using 
Kaluza Flow Cytometry Software (Beckman Coulter) 
and was done by a single operator, blinded to the 
clinical patients’ information. Graphs for flow cytom-
etry data were performed by GraphPad Prism V.8.0 
(GraphPad Software) and by R software (V.4.1.1; pack-
ages corrplot).

Soluble factors quantification analysis
Peripheral blood samples were obtained from each 
patient prior to the first dose of nivolumab. Plasma 
samples of the patients included in the analysis were 
separated using centrifugation in cell preparation 
tubes, then frozen at −80°C for subsequent analysis. 
A panel of 14 predefined different soluble factors 
involved in inflammation (vascular endothelial 
growth factor (VEGF), vascular cell adhesion mole-
cule (VCAM- 1), interleukin (IL)- 6, IL- 8, macrophage- 
derived chemokine (MDC), interferon (IFN)- gamma 
and tumor necrosis factor (TNF)- alpha), early T- cell 
development (IL- 7), T- cell activation (4- 1BB), immu-
nosuppression (IL- 10), hematopoiesis regulation 
(stromal cell- derived factor- 1 (SDF- 1)) and in B cell 
survival/differentiation (BAFF, BCA- 1/CXCL13, 
APRIL) were quantified for each plasma sample 
using the Meso Scale Discovery (MSD) immunoassay 
according to the manufacturer recommendations. The 
procedures and the different kits used to perform the 
soluble factor quantification using the MSD immuno-
assay, as well as the lower limits of detection can be 
found in online supplemental methods and table S1.

Immunohistochemistry and immune cells densities
All immunostainings were performed on 3 µm thick 
whole sections prepared from formalin- fixed paraffin- 
embedded blocks using Autostainer Dako. Antigen 
retrieval and deparaffinization was carried out on 
a PT- Link (Dako) using the EnVision FLEX Target 
Retrieval Solutions (Dako). The following primary 
antibodies were used: CD20 (Dako, Clone L26, 0.6 µg/

mL), CD3 (Dako Rabbit polyclonal 7.5 µg/mL) and 
CD8 (Dako Clone C8/144B, 1.6 µg/mL). Chromo-
genic detection of TLS was performed using HighDef 
red IHC chromogen (AP) (Enzo, ADI- 950- 140- 0030) 
for CD20, Permanent HRP Green (Zytomed Systems, 
ZUC070- 100) for CD3 and using DAB (3,3 diamino-
benzidine, Dako) linked secondary antibodies for 
CD8. The nuclei were counterstained with hematox-
ylin (Dako, S3301). After mounting with EcoMount 
(Biocare Medical, EM897L), the slides were scanned 
with a NanoZoomer (Hamamatsu). By using Halo 
10 software (Indicalab), a first layer was created to 
define tumor area. Cell densities were quantified and 
a classifier to detect intratumoral TLS with surface 
area equal or above 7000 µm² and containing at least 
100 cells was created to count number and density of 
TLS/tumorous area. Results were validated blindly by 
two additional observers (GL, AB).

Bioinformatics and statistical analysis
Descriptive statistics were used to summarize patient’s 
characteristics. Statistical analysis of supervised flow 
cytometry cell population’s analysis was performed 
after data adjustment by log2. Variables were summa-
rized as proportions for categorical variables, the 
median and IQR, minimum and maximum for contin-
uous variables. Objective response rate was defined 
as the percentage of patients achieving partial or 
complete response. The relationship between two cate-
gorical variables was estimated with the χ2 test, or the 
Fisher’s exact test for low frequencies. The relation-
ship between two quantitative variables was estimated 
by Pearson correlation. Progression- free survival (PFS) 
was defined as the time between treatment initiation 
and first progression or death, and overall survival 
(OS) was defined as the time between treatment initi-
ation and death or date of last follow- up. OS and PFS 
were estimated with the Kaplan- Meier method and 
were described in terms of median or specific time 
point estimation in each subgroup, along with the 
associated two- sided 95% CI for the estimates and were 
compared with the log- rank test. Median follow- up 
was estimated by reverse Kaplan- Meier method. Cox 
proportional hazards regression model was used to 
estimate HR and 95% CI. All p values were two- sided, 
and values less than 0.05 were considered statistically 
significant. Statistical analyses were performed using 
SAS V.9.4 and R Software (V.3.4.4).

RESULTS
Patient’s characteristics and clinical outcomes
Fresh blood immune- phenotyping was prospectively 
conducted on 44 consecutive patients included in 
NIVOREN GETUG- AFU 26 trial at the IGR between 
January 2016 and July 2017. Quantitative analysis 
of tumor IHC was available for 18 patients of this 
discovery cohort. Patient’s characteristics and clinical 
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outcomes of the discovery cohort, validation cohort 
and the overall study population included in this trial 
are reported in table 1.

In general, the baseline demographic and clinical 
characteristics of the validation cohort and the overall 
study population were similar (table 1). Compared 
with the overall study population, the discovery was 
enriched in favorable- risk patients, 45% compared 
with the validation and the overall study popula-
tion cohorts (16% and 18%, respectively) (table 1). 
Brain metastases were more frequent in the discovery 
cohort, 20% compared with 12%–14% in the valida-
tion and overall study population cohorts. Objective 
response rate and PFS were similar among the three 
cohorts of patients. The discovery cohort presented a 

superior 12 months OS rate than the validation cohort 
and overall study population (table 1).

Circulating B cells subpopulations and response to nivolumab 
in m-ccRCC
T- SNE algorithm, performed on the first consec-
utive six patients with OR (responders) and six 
patients with no- OR (non- responders) to nivolumab, 
showed that patients who responded had a higher 
density of CD19 +CD27+IgD+IgM +cells (assimilated 
to unswitched (or non- switched) memory B cells 
(NSwM B cells)), CD19 +CD27+IgD–IgM–cells (assim-
ilated to switched memory B cells (SwM B cells)) and 
CD19 +CD27–IgD–IgM–cells (assimilated to double 
negative B cells (DN B cells)) (figure 1).

Table 1 Patient’s baseline characteristics and clinical outcomes

Discovery cohort
N=44

Validation cohort
N=313

Overall study population
N=720

mAge (years) 61.5 (33.0–81.0) 64.0 (22.0–87.0) 64.0 (22.0–90.0)

Sex

  Men 29 (65.9) 251 (80.2) 556 (77.2)

  Female 15 (34.1) 62 (19.8) 164 (22.8)

Score IMDC

  Favorable 20 (45.5) 50 (16.0) 131 (18.2)

  Intermediate 17 (38.6) 178 (57.1) 404 (56.3)

  Poor 7 (15.9) 84 (26.9) 183 (25.5)

ECOG PS

  <2 39 (88.6) 254 (85.2) 581 (84.9)

  ≥2 5 (11.4) 44 (14.8) 103 (15.1)

Fuhrman grade

  I 2 (4.7) 14 (5.0) 27 (4.1)

  II 11 (25.6) 83 (29.5) 192 (29.5)

  III 17 (39.5) 127 (45.2) 295 (45.3)

  IV 13 (30.2) 57 (20.3) 136 (20.9)

Sarcomatoid component

  Yes 5 (11.4) 26 (9.0) 58 (8.5)

  No 39 (88.6) 262 (91.0) 626 (91.5)

Nephrectomy 42 (95.5) 263 (84.0) 609 (84.6)

Brain metastases 9 (20.5) 42 (14.5) 83 (12.3)

Previous therapy lines

  1 28 (63.6) 179 (57.2) 359 (49.9)

  2–3 11 (25.0) 112 (35.8) 295 (40.9)

  >3 3 (6.8) 22 (7.0) 66 (9.1)

  ORR 7 (17.9) 60 (19.2) 144 (21.0)

12 months PFS (%, 95% CI) 20.5 (10.1 to 33.0) 24.6 (20.0 to 29.5) 23.8 (20.7 to 27.0)

12 months OS (%, 95% CI) 84.0 (69.4 to 92.0) 69.0 (63.5 to 73.8) 69.4 (65.9 to 72.7)

IHC, immunohistochemistry; IMDC, International Metastatic RCC Database Consortium; mAge, median age; ORR, objective response rate; 
OS, overall survival; PFS, progression- free survival; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Therefore, the assessment of CD27, IgD and IgM 
expression on circulating B cells by supervised analysis 
of flow cytometry data were subsequently extended to 
a larger set of patients (discovery cohort, n=44) to 
confirm these preliminary findings (online supple-
mental figure S2 for the gating strategy). As shown 
in figure 2, baseline normalized concentrations of 
blood NSwM, SwM and DN B cells were significantly 
higher in responders compared with non- responders 
(p=0.006, p=0.046 and p=0.032, respectively). In 
contrast, no statistical differences were observed 
for normalized concentrations of total B cell counts 
or naïve B cells between both groups at baseline 
(p=0.182 and p=0.083, respectively) (figure 2B). Addi-
tionally, we monitored B cell concentrations change 
from baseline to 1 month of therapy (C3) and to the 
EOT (C7). No significant changes in concentration 
levels of all B cell subsets were observed during treat-
ment (figure 2C).

Circulating NSwM B cells are associated with clinical 
outcomes to nivolumab in m-ccRCC
As B cell subpopulations at baseline were associated 
with response, we next determined if baseline concen-
trations of these populations could predict survival 
outcomes to nivolumab in the discovery cohort. 
Median follow- up was 30 months (95% CI: 17.0 to 21.0) 

and median OS was not reached. Considering the 
median as cut- off value, high NSwM B cell concentra-
tion was associated with overall OS, with 1 event out of 
22 patients at the time of data cut- off, versus 10 events 
out of 21 patients with NSwM B cell concentration 
below the median (12 months OS rate: ≥median 100% 
vs <median: 66.3% (95% CI: 42.0 to 82.3); p=0.002) 
(figure 3A). Moreover, PFS was longer in patients 
with NSwM B cells over the median (median PFS: 6.8 
months; 95% CI: 4.0 to 10.16) compared with those 
below the median (median PFS: 1.8 months, 95% CI: 
1.8 to 4.6; p=0.048) (figure 3B). Naïve B cell concen-
tration was associated with OS (p=0.043) (figure 3C) 
but not PFS (p=0.237) or response (p=0.1). No asso-
ciation with OS or PFS was observed for other B cell 
subsets (online supplemental figure S3).

Correlation between circulating NSwM B cells and tumor-
associated TLS
Based on our results and on recently reported studies 
supporting a role of the TLS and B cells within the 
TLS in the response to ICB, we next evaluated if there 
was a correlation between circulating NSwM B cells 
and tumor- associated TLS in the 17 patients of the 
discovery cohort for whom TIME characterization 
was available.17 22 23 By performing correlation anal-
ysis, we observed a positive correlation between the 

Figure 1 Density t- SNE plots of baseline B cells subpopulations according to response to nivolumab in the discovery cohort. 
DN B cells, double negative B cells; NSwM B cell, unswitched memory B cells; SwM B cells, switched memory B cells; t- SNE, 
t- distributed stochastic neighbor embedding. s
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concentration of circulating NSwM B cells and the 
number of TLS and CD20+ (r=0.59, p=0.044, and 
r=0.52, p=0.033, respectively) in the tumor center; a 
non- significant trend for a positive correlation with 
the density of TLS was also observed (r=0.48, p=0.119) 
(figure 4A). NSwM B cells did not correlated with 
infiltrating CD8 +T cells in the invasive margin (IM) 
nor the tumor center (r=0.23, p=0.492 and r=0.23, 
p=0.383) (figure 4A).

Circulating T follicular helper cells correlate with NSwM B 
cells and tumor-associated TLS
Memory T follicular helper cells (Tfh) are critical for 
germinal center formation and provide growth factors to B 
cells inducing their differentiation into long- lived plasma 
cells and memory B cells.32 Tfh cells are also found in 
peripheral blood where they associate memory- like func-
tions and there is data suggesting that they could behave 
as a potential surrogate marker for germinal center 
reaction.33–35 In addition, studies suggest that anti- PD- 1 
therapy could increase circulating Tfh cells enhancing B 
cell capacity.35 Thus, we investigated relationship between 

circulating NSwM B cells and Tfh as well as Tfh subpopu-
lations at baseline. Supervised analysis of the CD4 +T cell 
polarization panel was performed31 (online supplemental 
figure S4 for the gating strategy).

Significant positive correlation between baseline NSwM 
B cells and circulating Tfh cells (r=0.70, p<0.001) was 
observed. In addition, a significantly higher overall concen-
tration of Tfh cells was observed in responder patients 
compared with non- responders (p=0.027) (figure 4B,C). 
We next investigated if the baseline concentration of Tfh 
could predict survival outcomes. The median was consid-
ered as the cut- off value. The concentration of Tfh cells 
at baseline did not correlate with OS (p=0.096) or PFS 
(p=0.70). However, Tfh2 and Tfh17DP subpopulations 
significantly correlated with OS (p=0.006 and p=0.007, 
respectively), but not with PFS (figure 4D).

Impact of TLS on clinical outcomes in patients with m-ccRCC 
treated with nivolumab
Given our prior results that circulating NSwM B cells were 
associated with improved survival outcomes and that they 
also correlated with tumor- associated TLS and CD20 +B 

Figure 2 (A) Representative flow cytometry plots showing the different circulating B cell subsets (naive B cells (CD19+, CD27–, 
IgD+), double negative B cells (DN B cells, CD19+, CD27–, IgD–) and memory B cells including unswitched (NSwM, CD19+, 
CD27+, IgD+), switched memory B cells (SwM B cells, CD19+, CD27+, IgD–)) in two No- OR patients and in two OR patients of 
the discovery cohort. (B) Normalized concentrations of B cells and B cell subpopulations between No- OR and OR patients of 
the discovery cohort. (C) As in (B) but histograms showing normalized concentrations at baseline (C1), 1 month post- treatment 
initiation (C3) and at end of nivolumab treatment (C7). DN B cells, double negative B cells; NSwM B cells, unswitched memory B 
cells; SwM B cells, switched memory B cells.
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cells, we decided to evaluate the association between TLS 
and clinical outcomes in patients with m- ccRCC treated 
with nivolumab (n=324). Considering a median cut- off 
value of 2, responses were significantly more frequent 
in tumors with ≥2 TLS compared with those with <2 TLS 
(p=0.043) (figure 5A). The presence of TLS was not 
predictive of OS (p=0.125) nor PFS (p=0. 074), although 
a trend for better OS and PFS with higher density of TLS 
was seen (figure 5B,C).

NSwM B cells correlate with circulating soluble factors
Soluble factors, including cytokines, chemokines, and 
soluble proteins, have a crucial role in the immune 
response and oncogenesis. Variations in the concentration 
of circulating soluble proteins are the result of produc-
tion by tumor cells, immune cells and the tumor- immune 

cells interactions.36 37 Thus, given our results supporting 
the role of NSwM B cells in the response to nivolumab 
in patients with m- ccRCC, we investigated certain soluble 
factors involved in inflammation as well as T and B cells 
biology (VEGF, VCAM- 1, IL- 6, IL- 7, IL- 8, IL- 10, APRIL, 
BAFF, 4- 1BB, BCA- 1/CXCL13, SDF- 1alpha, MDC, IFN- 
gamma, and TNF- alpha). Interestingly, higher baseline 
levels of BAFF, implicated in early B cell survival and 
maturation, and BCA- 1/CXCL13, key for the homeo-
static orchestration of B cell zones in secondary lymphoid 
tissue, were significantly inversely correlated with circu-
lating NSwM B cells (r=−0.42, p=0.007; and r=−0.55, 
p<0.001, respectively) (figure 6A,B). Moreover, BCA- 1/
CXCL13 did also inversely correlate with circulating Tfh 
cells at baseline (r=−0.61, p<0.001) (figure 6B).

Figure 3 (A) Kaplan- Meier for OS according to NswM B cells concentration levels (high: ≥median; low: <median) in patients 
with m- ccRCC treated with nivolumab. (B) Kaplan- Meier for PFS according to NswM B cells concentration levels (high: 
≥median; low: <median) in patients with m- ccRCC treated with nivolumab. (C) Kaplan- Meier for OS according to naïve B cell 
concentration levels in patients with m- ccRCC treated with nivolumab. m- ccRCC, metastatic clear cell renal cell carcinoma; 
NSwM B cell, unswitched memory B cells; OS, overall survival; PFS, progression- free survival.  on January 20, 2023 by guest. P
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Correlation between circulating soluble factors and the tumor 
microenvironment
Given the correlation of circulating NSwM B cells with 
both TLS and certain circulating soluble factors (BAFF, 
BCA- 1/CXCL13) we then investigated the correlation 
between the 14 circulating soluble factors and the presence 
of TLS. A non- significant trend for an inverse correlation 
between BAFF and the density of TLS (r=−0.37, p=0.161) 
and the number and density of CD20 +cells at the tumor 
center (r=−0.36, p=0.165, and r=−0.49, p=0.057, respec-
tively) was observed. IL- 6 also presented a trend for an 
inverse correlation with the number and density of tumor- 
associated CD20 +cells (r=−0.37, p=0.161, and r=−0.36, 
p=0.171). The correlation between circulating soluble 
factors and tumor infiltrating CD8 +T cells was also eval-
uated but in very few samples (n=12). Higher levels of 
IL- 6 and IL- 10 were significantly positively correlated with 

the presence of CD8 +T cells at the IM (r=0.62, p=0.033, 
and r=0.71, p=0.009, respectively), while IFN- gamma was 
negatively correlated (r=−0.59, p=0.04).

B cell-related soluble factors are associated with OS in 
m-ccRCC treated with nivolumab
Cytokine levels have been evaluated as predictors of 
response to antiangiogenics in mRCC, however data 
regarding cytokine levels and prediction of response to 
ICB are still lacking.38–40 To address this, we next evalu-
ated the association between baseline soluble factors 
concentration levels and clinical outcomes in the 
discovery cohort. The soluble factors’ quantification anal-
ysis was only performed in 40 of the 44 patients included 
in the discovery cohort. Consistent with our previous 
results, and considering the 75th percentile (P75) as cut- 
off value, higher baseline concentration levels of BAFF 

Figure 4 (A) Correlation heatmap of log2 transformed count values of circulating NSwM B cells, circulating Tfh cells, tumor- 
associated TLS (numbers (Nb) and density), CD20 +cell numbers (Nb CD20.) and cytotoxic CD8+ (n=17) in tumor center (TC) or 
invasive margin (IM). (B) Correlation between circulating Tfh cells and NSwM B cells (n=43). Of note only 43 patients out of the 
44 analyzed underwent correlation analysis as there was one patient for which we did not have the B cell immunophenotyping 
(only Tfh). (C) Log2 transformed count values of Tfh cells and Tfh subsets between responders (OR) and non- responders (No- 
OR). (D) Kaplan- Meier for overall survival according to blood cells concentration levels of Tfh, Tfh2 and Tfh17DP (high ≥median, 
low <median) (n=44). NSwM B cells, unswitched memory B cells; Tfh, T follicular helper; TLS, tertiary lymphoid structures.
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and BCA- 1/CXCL13, involved in the survival and recruit-
ment of B cells, and of IL- 6, involved in inflammation but 
also in the generation of humoral immunity, were signifi-
cantly associated with worse OS (HR: 4.39, 95% CI: 1.26 to 
15.32, p=0.011; HR 4.74, 95% CI: 1.35 to 16.64, p=0.008; 
and HR: 4.41, 95% CI: 1.26 to 15.43, p=0.011) (figure 6C); 
however they did not show a significant statistical associ-
ation with PFS.41–45 No other associations with OS or PFS 
were seen (online supplemental table S3). None of the 
14 investigated soluble factors was predictive of response 
(online supplemental table S4).

Based on these results, BAFF, BCA- 1/CXCL13 and IL- 6 
were then tested in an independent data set including 
the remaining patients of the NIVOREN translational 
study with available plasma sample (validation cohort, 
n=313). Using the same cut- off as in the discovery cohort, 
we confirmed the association of BAFF, BCA- 1/CXCL13 
and IL- 6, with worse OS (BAFF HR: 1.73, 95% CI: 1.21 
to 2.46, p=0.002; BCA- 1/XCXCL13 HR: 1.52, 95% CI: 
1.08 to 2.15, p=0.017, and IL- 6 HR: 2.53, 95% CI: 1.81 to 
3.53, p<0.0001). IL- 6 did also demonstrate a significant 
correlation with worse PFS (HR:1.53, 95% CI: 1.16 to 
2.03, p=0.0024) (figure 6D).

DISCUSSION
The results of recent studies have brought to light 
B cells as a major player of the antitumor immune 
response.17 22–25 B cells can be found in the tumor and are 
commonly organized into ectopic lymphoid aggregates 
with germinal center containing Tfh and CD23 +follic-
ular dendritic cells juxtaposing a T cell zone with mature 
dendritic cells, known as TLS.21 Encouraging results of 
five recent studies support the role of B cells within the 
TLS in driving antitumor responses in patients with mela-
noma, sarcoma, m- ccRCC, urothelial, lung and bladder 
cancer treated with ICB therapy.17 22–25 However, despite 
the increasing interest on the B cell compartment, data 
regarding circulating B cell subpopulations and response 
are still scarce.17 30 46 In our study we investigated the 

association of circulating B cell subpopulations with 
response to nivolumab in m- ccRCC. As it has recently 
being reported in NSCLC,35 we found that pre- existing 
high levels of NSwM B cells (CD19 +CD27+IgD+IgM+) 
were associated with a higher proportion of response, 
and with improved OS and PFS, in patients with m- ccRCC 
treated with nivolumab within the GETUG- AFU 26 
NIVOREN trial. NSwM B cells significantly correlated with 
TLS and circulating Tfh cells, which also correlated with 
TLS, suggesting the relevance of an interplay between B 
and Tfh cells in the context of PD- 1 inhibition that could 
promote TLS formation and/or maturation. A further 
analysis demonstrated an inverse correlation between 
soluble factors involved in B cell survival and recruit-
ment and NSwM B cells (BAFF and BCA- 1/CXCL13) and 
Tfh cells (BCA- 1/CXCL13) reinforcing this hypothesis. 
Further, BAFF, BCA- 1/CXCL13 and IL- 6, also involved 
in B cell development and recruitment, were associated 
with worse OS. NSwM B cells emerge as the first poten-
tially predictive circulating biomarker of response to 
nivolumab in m- ccRCC.

NSwM B cells consist of a type of memory B cells that 
have not undergone class switching.47–49 It seems that 
on antigen rechallenge NSwM B cells (CD19 +CD27+Ig-
D+IgM+) enter the germinal centre (GC) in contrast to 
IgG +memory B cells which differentiate to plasma cells.49 
NSwM B cell are low affinity memory B cells that retain 
an adaptability potential and thus represent a reservoir 
of rapid- to go polyreactive pool of memory B cells. Circu-
lating NSwM B cells could therefore represent an early 
line of defense, with the ability to mediate bacteria elim-
ination through IgM neutralization and complement- 
mediated killing but also enhance the phagocytosis and 
killing of IgG/IgA opsonized bacterial or tumor cells.50 
Interestingly, NSwM B cells have been reported to be 
predictive of earlier COVID- 19 recovery.51 Moreover, in 
this study they observed a strong correlation between 
NSwM B cells and IgG1/IgM responses to the SARS- CoV- 2 
spike protein- receptor binding- domain, reinforcing the 

Figure 5 TLS enrichment was tested with the χ2 test between responders and non- responders (left panel). Kaplan- Meier for 
overall survival (middle panel) and progression- free survival (right panel) according to tumor- associated TLS numbers (over 
2 TLS : ≥2 TLS, under 2 TLS : <2 TLS) in patients with metastatic clear cell renal cell carcinoma treated with nivolumab. TLS, 
tertiary lymphoid structures.
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Figure 6 (A) Correlation heatmap of log2 transformed count values of the B, Tfh subpopulations, and soluble factors. 
(B) Correlation between blood NSwM B cells and BAFF (upper panel) and BCA- 1/CXCL13 (middle panel), and correlation 
between Tfh cells and BCA- 1/CXCL13 (lower panel). (C) Kaplan- Meier for OS according to IL- 6 (upper panel), BCA- 1/CXCL13 
(middle panel) and BAFF (lower panel) concentration levels (high ≥P75, low <P75) in the DISCOVERY cohort (n=40). (D) Kaplan- 
Meier for OS according to IL- 6 (upper panel), BCA- 1/CXCL13 (middle panel) and BAFF (lower panel) concentration levels 
(high ≥P75, low <P75) in the VALIDATION cohort (n=313). Of note, 1 patient out of 313 patients of the VALIDATION cohort 
was not tested for BCA- 1/CXCL13 (n=312), and 9 patients out of 313 were not tested for BAFF (n=304) due to lack of sample. 
IFN, interferon; IL, interleukin; VEGF, vascular endothelial growth factor; VCAM- 1, vascular cell adhesion molecule; MDC, 
macrophage- derived chemokine; SDF- 1, stromal cell- derived factor 1; NSwM B cells, unswitched memory B cells; OS, overall 
survival; Tfh, T follicular helper; TNF, tumor necrosis factor.
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idea of the versatility of this B cell subpopulation.51 More 
recently, Xia and colleagues showed for the first time 
the association between IgM +memory B cells (assimi-
lated to NSwM be cells) and response to anti- PD- 1 mono-
therapy in NSCLC.30 In line with their results, we found 
that baseline concentration of circulating NSwM B cells 
in our study was predictive of response, PFS and OS in 
patients with m- ccRCC treated with nivolumab (anti- PD- 1 
therapy). In our study, TLS in the primary tumor, removed 
sometimes years before in patients, could correlate with 
NSwM B cells, even though they had received tyrosine 
kinase inhibitor (TKI) treatment prior to nivolumab. The 
delay between the primary tumor removal (TLS) and the 
blood samples is a limitation of our study. However, this 
peculiar subset of B cells is described as a key memory 
B cells for ‘remembrance of things past’.47 It is known 
that contrary to SwM B cells, NSwM B cells which contain 
few somatic hypermutation, have the ability to produce 
GC B cells and to persist and became the reservoirs of 
durable memory.48 SwM B cells prevail during the early 
phase of immune memory; however, once SwM B cells 
disappear due to a short life span, NSwM B cells take on 
and lead the later phases of memory response.48 For these 
reasons, we hypothesized that NSwM B cells may behave 
as a peripheral imprint of the TLS and tumor microenvi-
ronment immune status. However, more robust data are 
needed to confirm this hypothesis.

Tfh cells are mainly localized in the GC, and thus 
in secondary lymphoid structures and TLS, where 
they interact and promote the activation of B cells.34 
Tfh cells can also be found in the peripheral blood.52 
Circulating Tfh cells seem to have a memory- like func-
tion able to reactivate on antigen rechallenge and they 
strongly correlate with potent antibody responses.52 
They have been proposed to be a potential surrogate 
of GC responses.34 In our study we observed that circu-
lating Tfh cells correlated significantly with both circu-
lating NSwM B cells and TLS in the tumor. In addition, 
responder patients were enriched in total circulating Tfh 
cells. Tfh cells failed to significantly correlate with survival 
but certain subsets of Tfh cells (Tfh2 and TfhD17P) were 
associated with improved OS. This observation might be 
of interest since human blood Tfh1 cells are incapable of 
helping B cells contrary to Tfh2 and Th17.53

The baseline peripheral concentration of the chemo-
kine BCA- 1/CXCL13, involved in the recruitment of B 
and Tfh cells to the GC,54 was inversely correlated with 
the concentration of circulating NSwM B cells and Tfh 
cells, and consequently with worse OS. Our results in the 
context of recent studies showing that tumor CXCL13 
expression correlates with improved survival outcomes 
to ICB therapy55 56 suggest that tumor BCA- 1/CXCL13 
could increase at the expense of a decrease in the levels 
of circulating BCA- 1/CXCL13. This could be enhanced 
under anti- PD- 1 therapy, as Tfh cells highly express PD- 1 
in lymphoid organs, which seems to inhibit Tfh cell 
recruitment into the follicle.57 Moreover, according to 
the results of Sanchez- Alonso and colleagues, anti- PD- 1 

therapy seems to induce not only TLS formation but 
also may induce the differentiation of naïve CD4 +T cells 
into circulating Tfh cells.35 Finally, the induction of TLS 
maturation may increase TLS associated high- endothelial 
venule which mediate lymphocyte entry and which have 
been recently reported to predict response to PD- 1 plus 
CTLA- 4 combination immunotherapy in patients with 
melanoma.58

Finally, BCA- 1/CXCL13 and BAFF, as well as IL- 6, also 
involved in B cell development, were predictive of worse 
survival outcomes in m- ccRCC treated with nivolumab. 
Moreover, in the discovery cohort BAFF presented a 
trend for an inverse correlation with the presence of 
TLS and tumor- associated B cells, reinforcing the link 
between the TIME and the peripheral immunity. Inter-
estingly, IL- 6 did positively correlate with the presence 
of tumor- infiltrating CD8 +T cells, which have been 
reported to be associated with worse survival outcomes 
in metastatic renal cell carcinoma.59 The only two studies 
evaluating the predictive role of different circulating 
soluble factors in patients with m- ccRCC treated with 
ICB showed no baseline markers clearly predictive of 
clinical outcomes.28 29 Thus, to our knowledge this is also 
the first study to show a significant association between 
the concentration of specific circulating soluble factors 
and survival outcomes in patients with m- ccRCC treated 
with ICB.

Finally, in our study, in line with previous results, 
high- TLS tumors presented a higher chance of 
response.17 Although no significant differences in OS 
or PFS according to the density of TLS were observed, 
a trend for better outcomes in high- TLS tumors was 
seen, Interestingly, in line with the results of Sanchez- 
Alonso and colleagues, the translational study of the 
NABUCCO trial evaluating preoperatory ICB combi-
nation in locoregionally advanced urothelial cancer, 
showed that although the presence of TLS at baseline 
was not predictive of response, neoadjuvant ICB combi-
nation was able to induce TLS formation in all patients 
achieving pathological complete response.60 These data 
further support the hypothesis that ICB therapy may 
induce TLS formation and thus, enhance the antitumor 
response.

Our study has several limitations. Multiple statistical 
tests were used, however given the small number of 
patients, multiple analysis correction was not performed. 
Most patients were nephrectomized, and thus primary 
tumor sample used for TLS evaluation was collected 
several years prior to baseline blood samples used for 
the immuno- monitoring. In addition, the heterogeneity 
of treatment lines and previous therapies could have 
impacted the immune status and treatment outcomes. 
Although the fresh whole blood immuno- monitoring 
included a small number of patients from a single institu-
tion, the results of the soluble factors quantification anal-
ysis were later confirmed in a large independent data set 
from the same trial, which adds robustness to our data.
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CONCLUSION
Our study shows for the first time that a pre- existing high 
number of circulating NSwM B cells is associated with 
higher probability of response to nivolumab and longer 
PFS and OS in patients with m- ccRCC. We also showed 
that NSwM B cells positively correlate with baseline circu-
lating Tfh cells and with the presence of tumor- associated 
TLS in the previously resected primary tumor. In addi-
tion, BCA- 1/CXCL13 was inversely correlated with both 
baseline Tfh and NSwM B cells, as well as with worse OS. 
These findings suggest that, in the context of the previous 
reported data, that NSwM B cells may not only contribute 
to the immune response by extending the B cell capacity 
with an immediate low- affinity IgM response, but also that 
there might be an interplay between Tfh and NSwM B 
cells mediated by CXCL13 that could promote the forma-
tion and maturation of TLS under ICB therapy. In addi-
tion, we reported for the first time an association between 
circulating soluble factors (IL- 6, BCA- 1/CXCL13 and 
BAFF, involved in B cell development and recruitment) 
and worse OS in patients with m- ccRCC treated with 
nivolumab.

Altogether, our results reinforce pre- existing data 
supporting the role of B cell subsets in the response to 
ICB therapy in patients with m- ccRCC. NSwM B cells may 
behave as a peripheral imprint of the TME status. Further 
studies including a non- ICB cohort are needed to confirm 
these findings and determine if this subpopulation of B 
cells could be a predictive biomarker of response to ICB.
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