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with resection specimen from sunitinib-naïve patients. We 
found improved TIL expansion from sunitinib-pretreated 
tumor digests. These TIL products contained more PD-1 
expressing TIL, while the regulatory T cell infiltration was 
not altered. The improved TIL expansion was associated 
with reduced intratumoral myeloid-derived suppressor cell 
(MDSC) content. Depletion of MDSCs from sunitinib-
naïve RCC tissue-digest improved TIL expansion, proving 
the functional relevance of the MDSC alteration by suni-
tinib. Our in vivo results do not support previous in vitro 
observations of sunitinib inhibiting T cell function, but do 
provide a possible rationale for the combination of suni-
tinib with immunotherapy.

Keywords  Sunitinib · Tumor-infiltrating lymphocytes · 
Myeloid-derived suppressor cells · Renal cell carcinoma · 
Adoptive cell therapy

Abstract  Targeted therapy with sunitinib, pazopanib or 
everolimus has improved treatment outcome for patients 
with metastatic renal cell carcinoma patients (RCC). How-
ever, despite considerable efforts in sequential or combined 
modalities, durable remissions are rare. Immunotherapy 
like cytokine therapy with interleukin-2, T cell check-
point blockade or adoptive T cell therapies can achieve 
long-term benefit and even cure. This raises the question 
of whether combining targeted therapy with immunother-
apy could also be an effective treatment option for RCC 
patients. Sunitinib, one of the most frequently adminis-
tered therapeutics in RCC patients has been implicated 
in impairing T cell activation and proliferation in  vitro. 
In this work, we addressed whether this notion holds true 
for expansion of tumor-infiltrating lymphocytes (TILs) in 
sunitinib-treated patients. We compared resected primary 
RCC tumor material of patients pretreated with sunitinib 
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Abbreviations
ACT	� Adoptive cell therapy
CD	� Cluster of differentiation
CTLA-4	� Cytotoxic T-lymphocyte-associated protein 4
DCs	� Dendritic cells
IFN	� Interferon
IHC	� Immunohistochemistry
IL	� Interleukin
FACS	� Fluorescence-activated cell sorting
HPF	� High power field
MDSCs	� Myeloid-derived suppressor cells
MFI	� Mean fluorescent intensity
mRCC	� Metastasized renal cell carcinoma
mTOR	� Mammalian target of rapamycin
NK	� Natural killer
NKT	� Natural killer T
NKI	� The Netherlands Cancer Institute
PD-1	� Programed death receptor-1
PD-L1	� Programed death receptor ligand-1
pTx	� Pre-treatment
RCC	� Renal cell carcinoma
TcCB	� T cell checkpoint blockade
TILs	� Tumor-infiltrating lymphocytes
TKIs	� Tyrosine kinase inhibitors
Treg	� Regulatory T cells
VEGF-R	� Vascular endothelial growth factor receptor

Introduction

Renal cell carcinoma (RCC) accounts for approximately 
3  % of all adult malignancies with a rising incidence. 
About 25–30  % of patients suffer from metastatic dis-
ease at the time of diagnosis. An additional 20–30  % 
of patients will develop metastases following radical 
nephrectomy [1]. Metastatic RCC (mRCC) has a 5-year 
survival rate of approximately 10  % [2]. Targeted thera-
pies with vascular endothelial growth factor receptor 
(VEGF-R) inhibitors such as sunitinib, sorafenib, axi-
tinib and pazopanib or mammalian target of rapamy-
cin (mTOR) inhibitors like everolimus or temsirolimus 
achieve objective response rates of up to 40 %. However, 
durable complete remissions are rare [3]. Therefore, novel 
therapeutic options that potentially offer long-term benefit 
are in high demand.

Interestingly, complete responses in mRCC have been 
observed after cytokine therapies with interleukin (IL)-2 
or interferon (IFN)-alpha and responses of up to 20 % are 
described in strongly selected patient populations [4, 5]. 
In randomized setups, however, only IFN-alpha achieved 
a moderate 3-month survival benefit [2]. Nevertheless, 
together with the observed rare spontaneous complete 
remissions, these results strongly argue that RCC is an 

immunogenic tumor type in which other immunotherapeu-
tic approaches should be explored.

In the last decade, T cell checkpoint blockade (TcCB) 
has had a major impact on the treatment of melanoma, 
another immunogenic tumor type. Meanwhile, blockade 
of CTLA-4 has become standard of care in melanoma, and 
targeting PD-1/PD-L1 or combining CTLA-4 and PD-1 
blockade show even more promising results in phase 1/2 
trials (reviewed in [6]). In RCC, targeting PD-1 has dem-
onstrated activity and is currently being studied in compari-
son with everolimus as second-line treatment and in com-
bination with ipilimumab in comparison with sunitinib in 
first-line treatment (www.clincialtrials.gov, and [7]).

In addition to TcCB, adoptive cell therapies (ACT) have 
proven to be a promising tool in the treatment of mela-
noma. ex  vivo expanded tumor-infiltrating lymphocytes 
(TIL) have revealed response rates in up to 72 % of selected 
melanoma patient populations [8]. Like melanoma, RCC is 
a malignancy with a (relatively) high mutational load [9]. 
Targeting neoantigens evolving from such mutations by 
gene-modified T cells might improve the outcome of ACT 
[10]. In melanoma such neoantigen-specific T cells have 
already been found [11], which analogously also could be 
assumed for RCC.

Whether combining tyrosine kinase inhibitors (TKIs), 
like sunitinib, with immune therapeutic approaches in renal 
cell carcinoma can be synergistic remains unknown. In ani-
mal studies, sunitinib results in increased TIL infiltration, 
dendritic cell (DC) maturation and decreased infiltration 
of immune-suppressive cells into the tumor [12–14]. Sub-
sequently, in the MC38 murine colon carcinoma model, 
the 4T1 breast cancer model and the B16.OVA melanoma 
model, synergistic effects between sunitinib or sorafenib 
and poxvirus-based cancer vaccines, or peptide pulsed den-
dritic cell vaccination, respectively, have been described 
[15, 16].

However, when testing the effect of sunitinib on human 
lymphocytes in vitro, sunitinib was shown to impair lym-
phocyte proliferation and function [17, 18]. Analysis of 
peripheral blood from mRCC patients treated with suni-
tinib revealed a decrease in myeloid and myeloid-derived 
suppressor cells (MDSC) in peripheral blood at week 4 
of treatment [19, 20]. If this also occurs within the tumor 
environment, sunitinib might improve TIL function, 
and thus serve as an interesting combination partner for 
immunotherapy.

In this work, we performed a structured analysis of the 
effect of sunitinib on the proliferative capacity of RCC 
tumor-infiltrating lymphocytes. We found that sunitinib 
pretreatment increases tumor leukocyte infiltration, does 
not significantly alter the amount of tumor T cell infiltration 
in  vivo, but improves in  vitro TIL expansion from tumor 
digests. Sunitinib markedly decreased intratumoral MDSC 

http://www.clincialtrials.gov
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content and removal of MDSC from digests of sunitinib-
naïve RCC tumors improved TIL expansion. PD-1 expres-
sion was increased on CD8+ TIL from sunitinib-exposed 
RCC tissue indicating their previously induced activation. 
We therefore propose that in RCC patients, sunitinib is a 
promising combination partner for immunotherapeutic 
treatments like adoptive cell therapies or T cell checkpoint 
blockade.

Materials and methods

Patients

Patients with clear cell renal cell carcinoma presenting at 
the Netherlands Cancer Institute (NKI) between 2010 and 
2012 were included in this study. Sunitinib-pretreated tumor 
material was obtained from participants of the phase two 
(N06SUN, EudraCT number 2006-006491-38) or phase 
three (EORTC30073/NCT01099423) trials. The addi-
tional analysis of the tumor material unrelated to the pri-
mary objective of these studies was approved by the ethi-
cal committee of the NKI in line with the Dutch regulation 
for research on human material (WMO). Selection bias 
was reduced by including all patients available without any 
predetermined selection. As a tertiary referral center, our 
Department of Urology does not receive many patients for 
nephrectomy only. Only material that was considered by the 
pathologist not relevant for routine diagnostics was used.

Patient characteristics, including MSKCC risk profile, 
are summarized in Table  1. Further individual data and 
TNM stage are shown in supplemental Table 1.

Immunohistochemistry and immunofluorescence

CD45 (clone 2B11&PD7/26, Roche), CD3 (clone SP7, 
Spring Bioscience), CD4 (clone SP35, Cell Marque) and 
CD8 (clone C8/144B, DAKO) staining was performed 
according to standard protocols using the BenchMark Ultra 
autostainer (Ventana Medical Systems) and heat-induced 
antigen retrieval using Cell Conditioning 1 (CC1, Ventana 
Medical Systems). CD45 was detected using the Ultraview 
Universal DAB Detection Kit (Ventana Medical Systems). 
CD3, CD4 and CD8 were detected using the Optiview 
Universal DAB Detection Kit (Ventana Medical Systems). 
Counterstaining was performed using Hematoxylin. CD11b 
(clone 2Q902, Abcam) was stained manually at a 1:40 con-
centration after EDTA antigen retrieval. For secondary Ab 
staining, Brightvision (ImmunoLogic) and DAB immune 
complex visualization were used, followed by Hematoxy-
lin counterstaining. CD45-, CD3-, CD4- and CD8-positive 
cells were scored relative to the tumor cells from low (+) 
to very high (++++) by a pathologist in a blinded manner. 

Tumor-infiltrating CD11b positive cells were counted in 10 
high power fields (HPF).

Fluorescent immunohistochemistry was performed 
according to standard protocols using a confocal laser 
scanning microscope (LSM 510, ZEISS) in a multitrack 
setting. The following primary antibodies were used: 
anti-CD33 (1:50, clone PWS44, Leica Biosystems), anti-
HLA-DR (1:100, clone TAL.1B5, Dako), anti-CD3 (1:100, 
ab828, Abcam), anti-CD8 (1:200, clone 4B11, Leica) and 
anti-FOXP3 (1:100, clone 236A/E7, Abcam). Second-
ary antibodies used were as follows: Alexa 647 goat-anti-
mouse-IgG2b (A-21242, Life Technologies), Alexa 546 
goat-anti-mouse-IgG1 (A-21123, Life Technologies) and 
Alexa 488 goat-anti-mouse-IgG1 (A-21121, Life Tech-
nologies). Per slide, 3–5 randomly selected images were 
captured. Negative control slides, omitting the primary 
antibody, were included. Tumor cell nests and stroma were 
measured using the ZEISS LSM Image Examiner, and sub-
sets were manually counted and presented as number/mm2.

Flow cytometry

Cells were stained with PD-1-PE (clone eBioJ105, eBio-
science), CD8-FITC/PE/PerCpCy5.5 (clone SK1, BD Bio-
sciences), CD4-FITC/PE (clone SK3, BD Biosciences), 
CD56-PE (clone MEM188, eBioscience), CD56-FITC 
(clone CMSSB, eBioscience), CD3-FITC/PE/APC (clone 

Table 1   Patient characteristics

No pTx Sunitinib

Sex (%)

 Male 10 (59) 8 (62)

 Female 7 (41) 5 (38)

Average age (range) 60 (40–78) 60 (43–72)

Tumor size in cm (range) 9 (4–19) 7 (2.3–19)

Metastasized (%) 9 (53) 12 (92)

Fuhrman grade (%)

 Unknown 0 (0) 1 (8)

 1 4 (24) 1 (8)

 2 6 (35) 3 (23)

 3 2 (12) 5 (38)

 4 5 (29) 3 (23)

WHO status (%)

 0 10 (59) 5 (38)

 1 7 (41) 5 (38)

 2 0 (0) 3 (23)

MSKCC criteria (%)

 N.a. 7 (41) 1 (8)

 Favorable 0 (0) 1 (8)

 Intermediate 7 (41) 7 (54)

 Unfavorable 3 (18) 4 (31)
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SK7, BD Biosciences), CD16-FITC (clone eBioCB16, 
ebioscience), CD19-FITC (clone HIB19, BD Biosciences), 
CD11b-PE (clone ICRF44, BD Biosciences), CD33-Per-
CpCy5.5 (clone WM-53, eBioscience), HLA-DR-APC 
(clone LN3, eBioscience), CD25-PE (clone M-A251, BD 
Biosciences), FOXP3-PE (clone PCH101, eBioscience), 
IFN-γ-APC (clone B27, BD Biosciences), CD107a-PE 
(clone H4A3, BD Biosciences), CD90-FITC (clone 5E10, 
BD Biosciences) and G250-PE (clone 303123, R&D Sys-
tems) and analyzed using BD FACSCalibur and Cell-Quest 
or FlowJo software. Cell Sorting was performed using the 
FACSAria I (BD biosciences).

Digestion of tumor material

Sterile patient tumor material (not required for pathologi-
cal routine diagnosis) was digested for 3  h at room tem-
perature in 50 ml of TIL medium: RPMI-1640 (52400041, 
Life Technologies), 10 % heat-inactivated human albumin 
serum (N0398000, Sanquin), 100 U/ml penicillin–strepto-
mycin (11074440001, Roche), 2 mM l-glutamine (25030-
024, Life Technologies), supplemented for digestion with 
1  mg/ml collagenase from Clostridium histolyticum type 
IV (C5138, Sigma-Aldrich], 30 U/ml deoxyribonuclease I 
from bovine pancreas type IV (D5025 Sigma-Aldrich), and 
0.1 mg/ml hyaluronidase from sheep testes type V (H6254, 
Sigma-Aldrich). The digested tissue was filtered and viable 
lymphocytes were isolated by Ficoll-Hypaque (17-1440-
03, GE Healthcare). Final numbers were determined by 
microscopic cell count and trypan blue exclusion.

TIL culture

Tumor digests were seeded at a concentration of 1 × 106 
live cells/well. The leukocyte content in the digests varied 
between 14 and 83  % (mean 60 ±  19  %), and the mean 
was identical for sunitinib-pretreated and sunitinib-naïve 
specimens. The fold expansions were calculated based on 
the real baseline leukocyte numbers. The cells were cul-
tured for 25 days (±3 days) in 2 ml of the abovedescribed 
TIL medium, supplemented with 6000 IU/ml IL-2 (Proleu-
kin 18 × 106 IE Novartis) at 37 °C and 5 % CO2, and split 
when the density reached 2 × 106 cells/ml.

Tumor cell culture

Spare tumor digest was maintained in flasks with tumor 
medium (RPMI-1640 supplemented with 10  % heat-inac-
tivated FCS [758093, Greiner Bio-One], 100  U/ml peni-
cillin–streptomycin and 2  mM  l-glutamine) for 25  days. 
Tumor cell cultures were harvested by trypsinization, 
washed, resuspended and frozen in 10  % DMSO. Fibro-
blast contamination was excluded by staining for anti-G250 

(clone 303123, R&D Systems) and anti-CD90 (clone 5E10, 
BD Biosciences).

Cytokine and lysis assays

Cytokine production (intracellular IFN-γ) and lytic func-
tion (CD107 surface expression) were determined after co-
culture with autologous tumor cells (ratio 1:1) in a 96-well 
plate for 4  h at 37  °C in the presence of an exocytosis 
inhibitor (555029, BD Biosciences), or unspecific stimula-
tion using the Cytofix/Cytoperm kit following the manufac-
turer’s guidelines (345763, BD Biosciences).

Statistical analysis

Two-tailed student t test using GraphPad Prism (version 
6.01 for Windows, GraphPad Software) was performed for 
statistical analysis.

Results

Establishment of tumor lines and TIL cultures 
from ccRCC

Thirty tissue samples were obtained from nephrectomies of 
clear cell renal cell carcinoma patients. Seventeen patients 
had received no prior systemic treatment (no pTx) and 13 
were pretreated with sunitinib. Most of the specimens were 
from stage IV RCC [12/13], although 9/17 patients in the 
no pTx group were from earlier tumor stages (Table 1, sup-
plemental Table 1).

Sunitinib pretreatment did not impair the ability to grow 
RCC tumor lines, as we managed to grow RCC tumor lines 
in 11 out of 17 (65 %) sunitinib-naïve specimens and in 11 
out of 13 (85 %) from the sunitinib-pretreated tumors. In 
three out of the eight failing cultures, this was due to early 
fungal contamination; the other cases failed due to too low 
tumor cell numbers. Disease stage did not correlate with 
the ability to grow tumor lines as we managed to grow lines 
from both metastatic and non-metastatic RCC (supplemen-
tal Table  1). We established TIL cultures in 24 out of 30 
patient samples. The number of TIL obtained after diges-
tion and 25 days of culture was higher than after fragmenta-
tion (3.3- to 119-fold higher, supplemental Figure 1). Thus, 
we proceeded with tumor digestions only. TIL cultures or 
tumor lines were successfully established independent of 
tumor size or disease stage (supplemental Table 1).

Effect of sunitinib pretreatment on TIL infiltration in RCC

We investigated the effect of sunitinib treatment on 
TIL infiltration into the primary tumor. We analyzed 16 
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sunitinib-pretreated and 12 non-pretreated RCC tumors for 
CD45+, CD3+, CD4+ and CD8+ cell content by immu-
nohistochemistry (IHC) (one tumor block from sunitinib 
pretreatment and one from naïve RCC was not available 
for IHC). Samples were scored in a blinded manner by 
our pathologist and categorized according to low, inter-
mediate, high and very high (+ to ++++) infiltration 
(Fig. 1a). We found a strong variation between the individ-
ual tumors, and no influence by the presence or absence of 
distant metastases (Fig. 1b, stage I-III blue symbols, stage 
IV red symbols). Sunitinib pretreatment (open symbols) 
increased leukocyte content significantly, while modestly 
improving CD3, CD4 and CD8 TIL infiltration (Fig. 1b). 
Thus, sunitinib pretreatment increases leukocyte infiltra-
tion into the primary tumor, but fails to affect lymphocyte 
infiltration.

Sunitinib pretreatment improves the expansion of RCC TIL 
and alters their phenotypic composition

TIL were expanded from 13 out of 17 (76  %) sunitinib-
naïve tumors and from 11 out of 13 (85 %) sunitinib-pre-
treated tumors. After 25 days of TIL culture, we found that 
TIL expanded more readily from sunitinib-pretreated RCC 
digests as compared with sunitinib-naïve RCC digests, 
namely 113-fold ±  107 versus 50-fold ±  57, p =  0.065, 
which was not statistically significant due to the strong var-
iation within the groups (Fig. 2a).

Next, we compared PD-1 expression and the cellular 
composition of the baseline digests with ex vivo expanded 
TIL cultures for content of “CD4+ T cells” (CD3+/CD8−/
CD56−), “CD8+ T cells” (CD3+/CD8+/CD56−), “NK T 
cells” (CD3+/CD56+) and “NK cells” (CD3−/CD56+) 
(Fig.  2b–f). We found a tendency toward higher PD-1 
expression on expanded CD8+ TIL from sunitinib-pre-
treated tissue (Fig. 2b), indicating the presence of activated 
TIL and the induction of an inflammatory environment by 
sunitinib, as similarly described for melanoma [21]. Block-
ing PD-L1 by adding functional grade anti-PD-L1 mAb did 
not alter TIL expansion (data not shown), possibly due to 
the required presence of IL-2 in the TIL culture medium. 
IL-2 has been shown to overcome PD-L1/PD-1-mediated 
inhibitory signals [22].

Concerning the immune cell composition itself, we 
found no striking differences between sunitinib-pretreated 
versus non-pretreated tumor infiltrates in baseline digest 
material (Fig. 2c, d). However, we found a higher content 
of NK cells in day 25 cultures of sunitinib-naïve samples 
(p = 0.009), versus more NKT cells in sunitinib pretreat-
ment samples (p = 0.037, Fig. 2e, f).

Next, we analyzed the functionality of the expanded TIL 
product upon unspecific re-stimulation with cytostim or 

specific re-stimulation by autologous tumor cells. We found 
no significant differences, neither in IFN-γ production nor 
in lytic activity (as determined by CD107/Lamp1 surface 
expression) (Fig. 2g, h).

Thus, sunitinib pretreatment has a quantitative impact on 
leukocyte infiltration into the primary tumor, but no impact 
on the lymphocyte composition or function.

However, ex vivo TIL expansion was improved and sub-
populations were impacted upon sunitinib treatment, argu-
ing for the alteration of a non-lymphocyte compartment in 
the primary tumor.

Sunitinib pretreatment reduces intratumoral MDSC content

Several cell types including regulatory T cells and MDSC 
contribute to tumor-mediated immune suppression [23]. 
Considering the absence of the significant TIL-intrinsic 
differences after sunitinib treatment (Fig.  2g, h), we 
investigated whether the observed tendency for improved 
outgrowth of TIL after in  vivo sunitinib exposure may 
result from alterations in such intratumoral inhibitory 
cells.

While we found no difference in the number of Tregs 
(defined by CD3+CD8−FOXP3+), sunitinib pretreat-
ment induced a complete absence of MDSC (defined by 
CD11b+CD33+HLA-DR−) within the tumor microen-
vironment in almost all samples as analyzed by immuno-
fluorescence (Fig. 3a, b). This microscopy-based observa-
tion could be confirmed by FACS analysis of tumor digests 
for myeloid cells (Fig. 3c). Additionally, MDSC subtypes 
were analyzed in samples where sufficient material was 
still available. The following subsets were analyzed: gran-
ulocytic MDSC (gMDSC, CD15+CD33+HLADR−), 
lymphocyte-linage-negative MDSC (lin-MDSC, CD14−
CD15−CD33+HLA-DR−) and monocytic MDSC 
(mMDSC, CD14+CD33+HLADR−) [24]. We found that 
the gMDSC fraction likely is the most affected group by 
sunitinib treatment (Fig.  3d, e). However, due to lack of 
additional digested material, we were only able to test these 
subgroups in a minority of patients.

The functional relevance of MDSCs was proven by 
removing the CD33+CD11b+HLA-DR− population from 
sunitinib-naïve RCC digests. This resulted in improved 
TIL expansion (Fig.  3f). Of note, the FACS-sorting itself 
strongly impaired the TIL expansion as shown by the 
reduced fold expansion after mock sorting (Fig.  3f as 
compared to Fig. 2a), indicating that FACS-sorting of pre-
TIL cultures is seemingly too detrimental as an approach 
for MDSC removal. Thus, the observed differences dur-
ing TIL culture can be attributed (at least in part) to the 
sunitinib-mediated reduction in MDSC within the tumor 
environment.
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Discussion

Targeted therapies, like sunitinib, have become stand-
ard first-line treatment for RCC, but cure has not been 

realized and a plateau has been reached in terms of ben-
efit and outcome [25]. By contrast, novel immunotherapeu-
tic approaches hold the promise of cure in immunogenic 
tumor types. In melanoma, cell-based immunotherapy 
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can induce high response rates and durable responses [8]. 
Targeting coinhibitory molecules on T cells is particularly 
promising. Blockade of PD-1 has been shown to induce 
long-lasting responses not only in melanoma but also in 

RCC, non-small cell lung cancer and even transitional cell 
carcinoma [7, 26].

This raises the question of whether the combination of 
sunitinib with immunotherapy can act synergistically to 
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sion on CD3+CD8+ T cells was analyzed by FACS staining on day 
25. Shown here is the ΔMFI (mean fluorescence intensity (MFI) of 

PD-1 mAb staining divided by MFI of the isotype mAb) (b). CD4 T 
cell, CD8 T cell, NKT cell and NK cell frequencies were performed 
in baseline digests from sunitinib-naïve and sunitinib-pretreated RCC 
specimens and after 25d TIL expansion (c–f). Cytokine production 
(intracellular IFN-γ) and lytic function (CD107 surface expression) 
was determined after co-culture with autologous tumor cells (ratio 
1:1) (g, h)
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improve the long-term outcome of RCC patients. Sunitinib 
reduces the Treg and MDSC content in tumor animal mod-
els, while in a xenograft RCC model, sunitinib increases 
the MDSC content [13, 14, 27]. Studies on peripheral 
blood of TKI-treated patients revealed reduced MDSC 
and Treg numbers after sunitinib but not sorafenib [19, 20, 
28, 29]. In addition, synergistic effects between tyrosine 
kinase inhibitors (TKIs) and vaccination (tumor control, 
and depth of MDSC tumor infiltration) have been shown 
in different (non-RCC) murine cancer models [15, 16, 30, 
31].

In the only analysis published so far from RCC patients 
treated with sunitinib in a neoadjuvant setting, only three 
out of the eight patients had lower levels of intratumoral 
MDSC (0.7, 2 and 0.9 % as defined by CD33+HLADR−) 
as compared to untreated tumors (5.9 ± 1.1 %) [24]. Here, 
we structurally analyzed the effect of sunitinib on RCC 
intratumor TIL content, TIL phenotypic changes, TIL 
expansion and alteration of inhibitory cells.

Nevertheless, our work inherits still some relevant limi-
tations. Due to the large amount of tissue required in the 
standard TIL manufacturing protocol, our analyses were 
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Fig. 3   Sunitinib pretreatment reduced MDSC tumor content. Infil-
tration by Treg and MDSC was analyzed by immune fluorescence 
microscopy of RCC tissue from sunitinib-naïve or sunitinib-pre-
treated patients (a, b). To confirm IHC counts and look in depth in 
MDSC subsets, tumor digests from sunitinib-naïve and sunitinib-pre-

treated patients were analyzed by flow cytometry (c–e). The suppres-
sive capacity of the infiltrating mMDSC was assessed upon TIL out-
growth from tumor digest of sunitinib-naïve RCC samples after prior 
removal, or not, of the mMDSC cell population by flow sorting (f)
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restricted to inter-patient comparison. Another limitation 
that challenges our observations was the clinical differences 
in our cohorts. There were less metastasized patients in the 
non-pretreatment group, whereas all sunitinib-pretreated 
patients classified as stage IV RCC. However, we found 
no differences in baseline TIL infiltration into the primary 
tumor within the untreated group comparing stage I-III ver-
sus stage IV RCC. Thus, it seems that RCC stage does not 
influence the TIL infiltration into the primary tumor. Suni-
tinib pretreatment did not impair the ability to grow TIL or 
tumor lines, and had no impact on the TIL subtypes found 
in fresh tumor digests at baseline.

Sunitinib pretreatment did increase tumor leukocyte 
infiltration, and, although not significantly, also the lym-
phocyte infiltration. During TIL culture, sunitinib pretreat-
ment resulted in improved yield. The NKT subset showed 
a stronger expansion rate, while in sunitinib-naïve tumors, 
NK cell expansion was dominant. PD-1 expression was 
increased in CD8+ TIL from sunitinib-exposed RCC indi-
cating the induction of an immune inflammatory tumor 
environment by sunitinib [21]. Our data suggest that suni-
tinib pretreatment could be beneficial for ACT as it allows 
a stronger initial TIL expansion. This could hypothetically 
be accompanied by a broader T cell repertoire within the 
TIL culture, which is known to be a prerequisite for clinical 
response [32, 33].

In contrast to a human RCC xenograft model, but in line 
with the small study on human RCC receiving neoadjuvant 
sunitinib, we found sunitinib to decrease the intratumoral 
MDSC content [20, 27]. More strikingly, we observed that 
sunitinib alters preferentially the gMDSC subset in line 
with data from a mouse tumor model [13]. Removal of the 
CD11+CD33+HLA-DR− population from untreated RCC 
digests improved the TIL outgrowth, indicating that suni-
tinib-mediated MDSC alteration could be the major factor 
for the observed improved TIL outgrowth in sunitinib-pre-
treated specimens. Indeed, several animal models have also 
led to the hypothesis that inhibiting MDSC by TKIs might 
be an effective combination partner for immunotherapies 
[14, 16, 23, 34].

In addition, it has been shown that sunitinib can not only 
reduce the amount of MDSC [20] but also alter the IL-10, 
CTLA-4, PD-1, FOXP3 and PD-L1 levels in the tumor 
microenvironment [14]. We have previously identified 
PD-L1 as a major immunosuppressive molecule in RCC 
[35], and Thompson et al. [36] have identified PD-L1 as an 
independent prognostic factor in RCC. Recently, it has been 
shown that under hypoxic conditions, PD-L1 is upregulated 
on MDSC in a HIF-1α-dependent manner [37]. These data 
in combination with our observations give a rationale for 
combining sunitinib (known to induce hypoxia within the 
tumor) with PD-1/PD-L1 blockade and possibly adoptive 
cell transfer therapy, either synchronously or sequentially.

Current trials combining sunitinib, axitinib or pazopanib 
with PD-1 blockade are recruiting patients. Provided that 
these trials report positively, addition of cell-based thera-
pies generated from TKI-pretreated tumor material might 
be an approach to further improving RCC treatment.

Major challenges to our work remain the nature of this 
non-randomized inter-patient analysis, the small patient 
numbers and the different patient cohorts. Therefore, fur-
ther analyses are needed to confirm our hypothesis-gener-
ating observations.
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