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Abstract

Introduction Resistance to immune checkpoint inhibitors (ICl) is a significant issue in metastatic renal cell carcinoma
(mRCQ), as it is in the majority of cancer types. An important deficiency in immunooncology today is the lack of a pre-
dictive factor to identify this patient group. Myeloid-derived suppressor cells (MDSC) are a type of cell that con-
tributes to immunotherapy resistance by inhibiting T cell activity. While it accumulates in the tumor microenviron-
ment and blood, it can also accumulate in lymphoid organs such as the spleen and cause splenomegaly. Therefore
we aimed to evaluate the effect of increase in splenic volume, which can be considered as an indirect indicator

of increased MDSC cells, on survival outcomes in mRCC patients.

Methods We analyzed 45 patients with mRCC who received nivolumab as a second-line or subsequent therapy.
Splenic volume was analyzed from baseline imaging before starting nivolumab and from control imaging performed
within the first 6 months of treatment initiation. Additionally, we analyzed how patients'body mass index (BMI), IMDC
risk score, ECOG performance status, nephrectomy status, neutrophil-lymphocyte ratio (NLR), Platelet-to-lymphocyte
ratio (PLR) and sites of metastasis.

Results Median splenic volume change was 10% (ranging from —22% to + 117%) during follow-up. Change

in splenic volume was found to be associated with overall survival (OS) and progression-free survival (PFS) (p=0.025,
0.04). The median PFS in patients with increased splenic volume was 5 months, while it was 17 months in patients
without increased splenic volume. (HR 2.1, 95% Cl (1-4), p=0.04). The median OS in patients with increased splenic
volume was 9 months, while it was 35 months in patients without increased splenic volume (HR 2.7, 95% Cl (1.1-6.2),
p=0.025). In four patients with decreased splenic volume, neither PFS nor OS could reach the median value. Log-
rank p value in respectively (0.015, 0.035), The group in which an increase in volume was accompanied by a high NLR
had the shortest survival rate. Basal splenic volume was analyzed separately. However, neither PFS nor OS differed
significantly.

Conclusion Our findings suggest that the change in splenic volume throughout immunotherapy regimens may be
utilized to predict PFS and OS in mRCC patients undergoing treatment.
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Introduction

Immune checkpoint inhibitors (ICI) have revolution-
ized metastatic renal cell carcinoma (mRCC) treatment
in recent years. Although some patients achieve strong
responses, a non-negligible number of patients are resist-
ant to ICI therapy or develop resistance within a few
months. Recently, the lack of predictive factors to define
this patient group is an important issue of research for
immunooncology. In these studies, PD-ligand 1 (PDL1)
expression was not shown to be predictive, and investi-
gation on tumor mutation burden (TMB), tumor-infil-
trating lymphocytes, and gene expression patterns is
now undertaken. The IMDC risk category, on the other
hand, is insufficient today since it was developed in the
era of non-immunotherapy [1-3]. Therefore, the many
researches are focused on to find easily accesible predic-
tive markers for immunotherapy.

Increased Myeloid-derived suppressor cells (MDSC)
have been identified as one of the important mechanisms
of immunotherapy resistance in recent years. These cells
constitute a diverse population of immature, immuno-
suppressive myeloid progenitor cells. The incidence of
MDSCs increases in the spleen, the circulation of cancer
patients, and the tumor microenvironment of various
cancers. The increase of MDSCs in the tumor microen-
vironment and blood is regulated by chemokines, growth
factors, and cytokines produced by the tumor [4, 5]. The
increase in MDSC cells has been demonstrated through
these factors, which are also increased in RCC patients
[6]. MDSCs are also known as a category of cells that
contribute to immunotherapy resistance by inhibiting the
activity of natural killer (NK) cells and T cells and by acti-
vating immunosuppressive Tregs.

These pathological cells exert an immunosuppressive
effect due to the overproduction of interleukin-10 (IL-
10), transforming growth factor-p (TGEp), arginase and
nitric oxide (iNOS) in the tumor microenvironment, and
also promote tumor growth by expressing T cell-inhib-
iting cell surface receptors [4, 7, 8]. Studies have shown
that targeting and inactivating Tregs or MDSCs restores
the anticancer activity of ICIs [9-11]. Previous studies in
RCC patients have shown that increased MDSCs contrib-
ute to sunitinib resistance [12]. In another RCC study, the
addition of MDSC-targeted therapy to IL-2 therapy was
shown to increase immunotherapy response [13].

Specific genomic signatures and specific markers of
MDSCs have emerged in recent years with preclinical
and clinical studies, but the precise genomic signatures
and surface markers that allow identification and analy-
sis of MDSCs in clinical settings have yet to be clearly
identified [8].

The spleen, which is known to influence hematopoiesis
and immunological responses, is of interest for testing
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the efficacy of immunotherapy in numerous types of
cancer. Increased MDSCs have been found to accumu-
late in the spleen in animal models, causing splenomeg-
aly [14, 15]. In addition to that, in some clinical studies,
MDSC level has been shown to be correlated with
splenic volume [16]. Splenic volume can be quickly and
easily measured in clinical practice.

Therefore, in our study, we measured splenic volume
in mRCC patients before and during the first months
of treatment with nivolumab. We aimed to evaluate the
effect of increase in splenic volume, which can be consid-
ered as an indirect indicator of increased MDSC cells, on
survival outcomes in mRCC patients.

Materials and methods

Study design

The patients whose splenic volume could be measured
at baseline of nivolumab treatment and after three to
six months of nivolumab administration were included
in the study. The patient’s splenic volume was assessed
both prior to beginning of the treatment with nivolumab
and at the first radiolgical evaluation of the following the
treatment. In between September 2010 and September
2021, at two oncology clinics, we examined 45 patients
with metastatic renal cell carcinoma who received
nivolumab as a second- or third-line treatment following
tyrosine kinase inhibitors. The study was approved by an
ethics committee, and throughout the data collection and
processing, all ethical rules were obeyed.

Study population and data

The patients in this trial were adults with a histologically
confirmed diagnosis of mRCC. An abdominal computed
tomography was performed on each patient. Within one
month prior to beginning nivolumab as well as between
three and six months after beginning nivolumab. Patients
with various disorders were excluded from the trial such
as, autoimmune diseases, chronic liver disease and sys-
temic infections that might possibly change splenic vol-
ume. The patients with known infectious (hepatitis B or
C, tuberculosis, brucellosis or candidemia) disease were
excluded from study population (Fig. 1). Two weeks prior
to the first nivolumab dose, clinical and laboratory data
were evaluated. Absolute neutrophil and lymphocyte
counts (NLR) and Platelet-to-lymphocyte ratio (PLR)
were taken for each patient. The median NLR and PLR
values were 3.40 and 206, respectively.

Spleen volume estimation

The baseline spleen volume was determined through
imaging conducted within the 4 weeks immediately
preceding the initiation of nivolumab treatment.
Subsequent volume changes were assessed through
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90 mRCC patients were screened

12 patients’ imaging was not within

24 excluded
8 had bacterial systemic infections
4 had fungal infection

the designated time frame.

9 patients with inaccessible follow-
up data

4 had developed portal hypertension
3 patients with splenectomy

2 had chronic liver infection

3 had splenic infiltration

45 patients were analyzed

Fig. 1 Study flowchart. Screening failures (the disease might possibly change splenic volume and Inadequacy of imaging criteria)

control imaging performed after the commencement
of nivolumab treatment, typically following an average
of 6—8 administrations of nivolumab. A twenty years
experienced radiologist blinded to clinical outcomes
made measurements on axial and coronal reformatted
computed tomography images to calculate splenic vol-
ume. A formula derived by Prassopoulos P. et al. (ref)
was used to determine splenic volume. The formula
is: V=30+0.58 (W x L x T), W: the maximal width
of spleen at the hilum, T: the maximum thickness at
hilum on a plane perpendicular to the W, L: maximal
caudocranial length [17].

Evaluation and statistical analyses

Overall survival (OS) was measured as the time from
the first dose of nivolumab to death from any cause. The
progression-free survival (PFS) was time from first dos-
age of nivolumab to disease progression or death, or
date of patients last outpatient clinic visit. The radio-
logical response was evaluated using RECIST version 1.1
criteria.

In order to conduct statistical analysis, the SPSS pro-
gram, version 23, was utilized. The Kaplan-Meier (log
rank) test was utilized in the calculations for the survival
analyses. In order to calculate hazard ratios, In both uni-
variate and multivariate analyses, we made use of the
Cox proportional hazards model (HRs). Cox regression
analysis was utilized to identify factors that could serve
as independent predictors of mRCC survival rates. These
were assessed individually for PFS and OS. In the inter-
pretation of all the results, a statistical significance level
of p less than 0.05 was regarded to exist.

Results

Patient characteristics

Our recruitment criteria were met by 45 patients, who
were therefore included in this study. Table 1 shows the

demographics of patients. Prior to receiving nivolumab,
all patients had previously been treated with at least
one line of tyrosine kinase inhibitor (TKI) treatment.
The patients had been using nivolumab intravenously
at a dose of maximum 240 mg every 2 weeks. No
Immune-Related Adverse Events (irAEs) had occurred
in any patient. The most common site of metastasis in all
patients was the lungs. Radiotherapy was used as a local
treatment for one patient with brain metastases.

Increase in splenic volume following immunotherapy
initiation

The median basal splenic volume of all patients was 280
mL (range: 108-769). Median splenic volume change was
10% (ranging from —22% to +117%) during follow-up. A
change of at least 10% in splenic volume was accepted as
an increase or decrease After nivolumab treatment, an
increase in spleen size was observed in 22 (49%) patients,
while no increase was observed in 23 (51%) patients. In
four patients, the spleen volume decreased by at least
10%.

Survival and prognosis
The outcomes of our univariate and multivariate OS
and PFS analyses are shown in Tables 2 and 3. Change
in splenic volume was found to be associated with OS
in univariate analysis (p=0.025). Although the NLR
and PLR results were borderline insignificant (p=0.072,
0.052), they were included in our multivariate analysis
with splenic volume because they are clinically important
parameters. In the multivariate analysis, only splenic vol-
ume significantly affected overall survival (OS) (Table 2).
Change in splenic volume was found to be associated
with PES in univariate analysis (p value 0.04) (Table 3).
The median progression-free survival (mPFS) in
patients with increased splenic volume was 5 months,
while it was 17 months in patients without increased
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Table 1 Patient characteristics (n 45)

Splenic Volume

Group Total n % Not increased increased P
Age
<65 years 29 (64) 16 (69.6) 13(59.1) 0.46
>65 years 16 (36) 7(304) 9 (40.9)
Gender
Female 14 (31) 13 (56.5) 19 (86.4) 0.02
Male 31(69) 10 (43.5) 3(13.6)
ECOG performance status
0-1 34 (76) 18(78.3) 16 (72.7) 0.66
>2 11 (24) 5(21.7) 6(27.3)
Nephrectomy
Yes 33(73) 4(174) 8(86.4) 0.15
No 12(27) 19 (82.6) 14 (13.6)
IMDC Risk Group
Favorable 7 (16) 3(13) 3(13.6) 049
Intermediate 36 (80) 20 (87) 17 (77.3)
Poor 2(4) 0(0) 2.1
Tumor Histology
Clear Cell 39(87) 19 (82.6) 20(90.9) 0.66
Non-clear Cell 6(13) 4(174) 2(9.1)
Body Mass Index Status (kg/ m?)
<25 22 (49) 9(39.1) 13(59.1) 042
25-299 14 (31) 9(39.1) 5(227)
>30 9(20) 5(21.7) 4(18.2)
Number of prior systemic therapies
1 21 (47) 9(39.1) 13(59.1) 0.18
2 24 (53) 14 (60.9) 9(40.9)
Sites of metasta-
ses at baseline
Lung 24 14 10
Liver 7 2 4
Bone 14 8 5
Lymph node 12 7 6
Brain 1 0 1
Others 4 2 2

splenic volume. (HR 2.1, 95% CI [1-4], p=0.04).
Figures 2 and 3 demonstrated the outcomes of our
Kaplan-Meier analysis of these two groups.

The median overall survival (mOS) in patients with
increased splenic volume was 9 months, while it was 35
months in patients without increased splenic volume.
(HR 2.7, 95% CI (1.1-6.2), p=0.025). Figures 2 and 3
demonstrated the outcomes of our Kaplan-Meier analy-
sis of these two groups.

Increasing spleen volume was associated with the
lowest survival rates and NLR above the median,
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according to an examination of increased splenic vol-
ume across subgroups of NLR (Figs. 4 and 5).

Basal splenic volume was analyzed separately. How-
ever, neither PFS nor OS showed a significant difference
(Figures 6 and 7).

In four patients with decreased splenic volume, neither
PES nor OS could reach the median value. Log-rank p value
in respectively (0.015, 0.035) (Figs. 8 and 9).

Discussion

This study demonstrates that the increase in splenic
volume after initiation of nivolumab therapy may be
a predictive marker for decreased survial in patients
with mRCC who received immunotherapy alone. Previ-
ous preclinical and clinical studies have shown that this
increase in splenic volume may be an indirect sign of
increased MDSC cells. In our study, changes in splenic
volume were found to be predictive of immunotherapy
response independently of inflammatory parameters
such as NLR and PLR, which can explain the develop-
ment of splenomegaly. In addition, to our knowledge, this
is the first study to reveal a relationship between spleen
size and survival in metastatic RCC.

There are many studies in the literature showing that
increased MDSC cells are associated with immuno-
therapy resistance and that MDSC-targeted therapies
improve immunotherapy responses. The measurement of
MDSC is costly, time-consuming, and not yet standard-
ized, but the measurement of splenic volume is quick and
simple; thus, we used this hypothesis in our investigation.
According to findings of our study increased spleen vol-
ume might be associated with an increase in MDSC cells.

Looking at previous studies in different cancer types,
Lock Galland et al. reported a change in median splenic
volume of 4.4% in patients treated with ICIs for meta-
static non-small cell lung cancer (NSCLC). They also
showed that this change in splenic volume might serve
as a predictor of overall survival. In addition, they found
that the basal splenic volume measured prior to the
immunotherapy was associated with overall survival
(OS). The authors primarily associated the result of the
study with chronic inflammation [18]. In our study, the
median change in splenic volume was found as 10%, and
changes above the median value were considered as sig-
nificant. The results of this research are similar to ours.
However, unlike this study, in the present study differ-
ences in basal splenic volume measured before starting
nivolumab were not found to be effect on survival. This
difference may be related to the treatments that mRCC
patients receive until they received immunotherapy.

The preclinical and clinical studies have shown that
MDSC cells accumulated in the tumor microenviron-
ment are associated with sunitinib resistance in patients
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Table 2 Univariate and multivariate analyses for overall survival (OS)
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Characteristics n % Survival (month) Univariate analyses Multivariate analyses
mOS HR 95% Cl p HR 95% Cl p
Age
<65y 29 (64) 33 1
> 65y 16 (36) 13 1.6 (0.7-3.7) 0.24
Gender
Male 31(69) 18 1
Female 14 (31) 25 14 (04-24) 0.78
ECOG
0-1 34 (76) 25 1
>2 11 (24) 8 1.7 (0.7-4.1) 0.25
IMDC Risk Group
Favorable 7 (16) 34 1
Intermediate 36 (80) 18 1.3(0.3-5.6) 0.70
Poor 2(4) 1 1.6 (0.2-13) 0.60
Tumor Histology
Non-clear Cell 6(13) NE 1
Clear Cell 39(87) 25 0.8 (0.2-3.8) 0.86
BMI kg/ m?
<25 22 (49) 18 1
25-29.9 14 (31) 14 1.1(04-26) 0.90
>30 9 (20) 24 0.7(0.2-2.7) 0.70
Basal Splenic Volume
< median 280 ml 23(51) 25 1
> median 280 ml 22 (49) 18 0.9 (04-2.2) 0.94
Splenic Volume (%)
Not increased 23 (51) 35 1.0
increased 22 (49) 9 2.7 (1.1-6.2) 0.025 2.5(1-6) 0.048
NLR
<median 3.40 19 (42) 33 1
>median 3.40 26 (58) 15 2.5(09-6.7) 0.072 24(0.9-6.7) 0.075
PLR
<median 206 20 (44) 47 1
>median 206 25 (56) 10 2.5(0.9-6.5) 0.052 2.1(0.8-5.6)0.11

- Median survival calculated with Kaplan-Meier method

- Regression coefficient, HRs, and P values calculated with the Cox proportional hazards model

who progress while using sunitinib in RCC patients [12].
Considering our patient population, the reason for the
higher baseline splenic volume compared to the normal
population can be explained by the effect of increased
MDSC cells with previous treatments, because before
nivolumab, all of the our patients had been treated with
at least one TKI regimen. Therefore, when nivolumab
treatment is started in patients with high MDSC rate
and increased splenic volume, the altered immune com-
position and the chronic inflammation accompanying
this process will reduce the effectiveness of the newly
started immunotherapy and will activate the resistance
mechanisms.

However, if the tumor microenvironment may change
in favor of the immune system with the effect of newly
started ICI treatment, especially in patients with-
out chronic inflammation, as a result MDSCs and the
inhibitory pathways they initiate will not increase, and
may even decrease in some patients. In particular, the
increased survival results in our patient population with
decreased splenic volume or with increased splenic vol-
ume not accompanied by a high Neutrophil Lymphocyte
Ratio (NLR) support this hypothesis and further studies
are needed on this subject.

There are also studies that contradict our findings.
For example, in a study by Francesca Castagnoli et al.
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Table 3 Univariate analyses for progression-free survival (PFS)

n % Survival Univariate
(month) analyses
mPFS HR 95% Cl p

Age

<65y 29 (64) 11 1

>65y 16 (36) 6 14 (0.7-3) 0.31
Gender

Male 31(69) 7 1

Female 14 (31) 7 1.1(0.5-2.5) 0.75
ECOG

0-1 34 (76) 7 1

>2 11 (24) 6 1.1(04-2) 0.95
IMDC Risk Group

Favorable 7(16) 4 1

Intermediate 36 (80) 0.5 (0.3-5.6) 0.20

Poor 2(4) 1 0.7 (0.2-13) 0.70
Tumor Histology

Non-clear Cell 6 (13) 7 1

Clear Cell 39(87) 7 1(03-34) 0.90
BMI kg/ m?

<25 22 (49) 7 1

25-299 14 (31) 4 1(0.5-26) 0.70

>30 9 (20) 5 09(0.3-25) 0.90

Basal Splenic Volume

< median 280 ml 23(51) 5 1

> median 280 ml 22 (49) 7 0.9 (04-1.8) 0.72
Splenic Volume (%)

Not increased 23(51) 17 1.0

increased 22 (49) 5 2.1(1-4) 0.04
NLR

<median 3.40 19 (42) 8 1

>median 3.40 26 (58) 5 1.7 (0.8-3.5) 0.19
PLR

<median 206 20 (44) 11 1

>median 206 25 (56) 5 1.6 (0.8-3.5) 0.19

- Median survival calculated with Kaplan-Meier method

- Regression coefficient, HRs, and P values calculated with the Cox proportional
hazards model

in patients with advanced NSCLC, it was found that
changes in splenic volume in patients treated with pem-
brolizumab had no predictive or prognostic value [19].
Susok et al. [20] studied the effect of treatment on
splenic volume in advanced melanoma patients. Com-
pared with baseline measurements, they observed a
significant increase in median splenic volume after 3
months in patients treated with ICIs, but they reported
that this result was unrelated to clinical parameters.
Again, Lukas Miiller at all [21]. found that a large pro-
portion of hepatocellular carcinoma (HCC) patients who
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received immunotherapy treatment as first-line ther-
apy had an increase in splenic volume after initiation of
immunotherapy, but this was not associated with survival
outcomes. They reported that this increase in splenic vol-
ume was mostly due to portal hypertension, not immune
modulation.

We think that the difference of our study from these
studies is due to its relationship with chronic inflamma-
tion. We would like to emphasize that one of the most
important mechanisms of immune resistance that devel-
ops against ICI-based therapy initiated on the basis of
chronic inflammation is the increase in MDSC cells,
and this increase can be easily detected by splenomegaly
developing after ICI is started. In addition, NLR is known
to be one of the peripheral indicators of chronic inflam-
mation and there is a large literature on this subject
[22-24].

In chronic inflammation, MDSCs increase with the
effect of some cytokines such as Interleukin-1f (IL-
1B). By suppressing the cell activities of T cells and NK
cells, elevated MDSCs increase tumor development and
contribute to ICI resistance. MDSCs stimulate the pro-
duction of Treg cells and increase the release of Immu-
nosuppressive cytokines, such as interleukin-10 (IL-10),
which specifically suppresses the activities of CD4+and
CD8+T cells and promotes tumor growth [25]. Consist-
ent with this literature, in our patient population, the
group with increased splenic volume accompanied by
an increase in NLR was found to be the group with the
worst survival results.

There were several limitations of the current research.
First, a retrospective design of the study, limited num-
ber of patients were included in the study. Due to
the retrospective nature of our study, serum samples
from that period were unavailable; thus, simultane-
ous measurements of MDSCs could not be performed
alongside splenic volume assessments. Due to the reim-
bursement issues in our country, our patients were
received nivolumab as a second- or third-line therapy.
Moreover, our research participants represented the
IMDC risk categories heterogeneously, with the major-
ity belonging to the intermediate risk category. The major
strength of the current study is that it is the first data
analysis to investigate the association between immuno-
therapy and changes in spleen volume in patients with
mRCC.

Conclusion

In conclusion, our results suggest that the change in
splenic volume throughout immunotherapy regimens
may be utilized to predict PES and OS in mRCC patients
undergoing treatment. Chronic inflammation and
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MDSC accumulation, which are known to be associated = immunotherapy clinical trials that concurrently analyze
with immunotherapy resistance, appear to be related to  the relationship between changes in splenic volume and
splenic volume. To confirm these findings, prospective =~ MDSC are necessary.
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