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Abstract
The hemoglobin-haptoglobin scavenger receptor CD163 is present in both a membrane-bound form on monocytes and 
macrophages (mCD163) and a shed soluble circulating form (sCD163). CD163 is a well-described marker of M2-like tumor-
associated macrophages, but in patients with metastatic renal cell carcinoma (mRCC), monocyte mCD163 and serum sCD163 
levels have not previously been investigated and associated with patient overall survival (OS). Here, we report mCD163 
expression on peripheral blood monocytes, as well as sCD163 serum levels, in samples from 89 patients newly diagnosed 
with mRCC and 20 healthy controls. We found that in mRCC patients, compared to healthy controls, monocyte mCD163 
levels were reduced (P < 0.001) whereas serum sCD163 levels were increased (P = 0.004). Moreover, an inverse correlation 
between mCD163 and sCD163 levels (P = 0.04) was shown. In survival analyses, intermediary levels of monocyte mCD163 
were associated with longest OS, compared to both lower and higher mCD163 levels, which were both associated with 
worse outcomes (P < 0.01). Further, higher levels of sCD163 at diagnosis were associated with poor OS in both univariate 
(P < 0.001) and multivariate analysis (HR = 1.28; 95%CI 1.09–1.50, P = 0.002). Importantly, stratification by low vs. high 
sCD163 was able to separate patients with International Metastatic RCC Database Consortium (IMDC) intermediate risk 
 (IMDCINT) into two subgroups with different OS (P = 0.03):  IMDCINT-sCD163LOW showed survival similar to  IMDCFAV 
patients, and  IMDCINT-sCD163HIGH showed survival similar to  IMDCPOOR patients. Thus, baseline sCD163 is a novel inde-
pendent biomarker of OS in mRCC, and using sCD163 as an add-on biomarker may improve prognostic value for patients 
in the heterogenous IMDC intermediate group.
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OS  Overall survival
PBMCs  Peripheral blood mononuclear cells
RCC   Renal cell carcinoma
sCD163  Soluble CD163
sCD163HIGH  sCD163 above or equal to the median value
sCD163LOW  sCD163 below the median value
TAMs  Tumor-associated Macrophages
TKI  Tyrosine kinase inhibitor

Introduction

Renal cell carcinoma (RCC ) represents around 90% of all 
renal neoplasms with clear cell RCC being the most com-
mon histological subtype [1, 2]. Nearly 20% of patients have 
distant metastases at the time of diagnosis, and an addi-
tional 20–30% develop metastatic RCC (mRCC ) following 
nephrectomy. Despite recent therapeutic improvements for 
patients with mRCC, including tyrosine kinase inhibitors 
(TKI) and immune checkpoint inhibitors (ICI), the progno-
sis for the majority of patients with mRCC remains poor [3]. 
For prognostic stratification, the Memorial Sloan Kettering 
Cancer Center (MSKCC) and the International Metastatic 
RCC Database Consortium (IMDC) risk score systems have 
consistently separated patients into three distinct risk groups. 
Both risk score systems, however, allocate almost half of 
patients into the intermediate risk group with a heterogene-
ous prognosis, highlighting the need for additional prognos-
tic biomarkers [4].

In many malignant tumors, the microenvironment 
is characterized by chronic inflammation [5]. Tumor-
associated macrophages (TAMs) are key players in the 
link between inflammation and cancer [6] and are con-
sidered of major importance in tumor development and 
progression [7]. In general, TAMs are “alternatively acti-
vated”, express so-called M2-associated markers includ-
ing CD163, and have been shown to promote tumor pro-
gression by supporting angiogenesis, tissue remodelling, 
and suppression of anti-tumor immunity [8, 9]. CD163 is 
the hemoglobin-haptoglobin scavenger receptor, and its 
expression is highly restricted to cells of the monocyte/
macrophage lineage [10, 11]. Besides hemoglobin scav-
enging, CD163 may have a role in anti-inflammatory sig-
nalling [12], and may serve as a gateway for monocyte/
macrophage-targeted drug delivery [13]. A high density of 
TAMs has been associated with poor outcomes in several 
cancers including clear cell renal cell carcinoma (ccRCC) 
[14, 15]. Further, in recent studies on ccRCC, high tumor 
infiltration by CD163-expressing TAMs was associated 
with higher TNM stage, higher Fuhrman nuclear grade, 
and was independently associated with poor outcome [16, 
17].

Circulating monocytes can differentiate into macrophages 
and contribute to the population of TAMs [18]. Based on 
the expression levels of CD14 and CD16, monocytes can 
be divided into three functionally and phenotypically differ-
ent subsets: the classical  (CD14+CD16−), the intermediate 
 (CD14+CD16+), and the non-classical  (CD14dimCD16++) 
monocytes [19]. CD163 is expressed mainly on classical 
monocytes, with lower and negligible expression on inter-
mediate and non-classical monocytes, respectively [20]. In 
patients with malignancies, circulating monocytes have been 
shown to be altered with regard to both gene expression 
profile and distribution within the monocyte subsets [21, 
22]. Further, in a number of diseases including cancer, the 
frequency of CD163-expressing circulating monocytes has 
been found elevated [23–25].

Due to ectodomain shedding by the enzyme ADAM17 
[26], CD163 is also present as a soluble protein (sCD163) 
in serum, and other body fluids [11, 27]. Elevated serum 
levels of sCD163 have been associated with poor outcomes 
in several malignant diseases e.g. malignant melanoma [28], 
ovarian cancer [29], and multiple myeloma [30], and it has 
been suggested that the levels in serum reflect the activity 
of  CD163+ tissue macrophages, including TAMs, as well 
as circulating  CD163+ monocytes [30]. Recently, sCD163 
levels were reported for a cohort of patients with suspected 
RCC, showing higher levels in patients with malignant ver-
sus benign tumors, and further increased levels in the small 
subgroup of patients with metastatic disease [31].

Here we describe, for the first time, levels of monocyte 
CD163 expression (mCD163) and serum sCD163 in a 
cohort of mRCC patients and healthy controls, and demon-
strate that both biomarkers were independently associated 
with patient outcomes.

Materials and methods

Patients

Eighty-nine patients diagnosed with clear cell mRCC were 
enrolled in a phase II clinical trial (Danish Renal Cancer 
Group (DaRenCa) Study-1 between 2009 and 2015 at the 
Department of Oncology, Aarhus University Hospital, 
Aarhus, Denmark [32]. Patients were stratified into either 
favorable (MSKCCFAV, n = 47) or intermediate (MSKC-
CINT, n = 42) risk groups [33]; patients with a poor prognosis 
according to MSKCC were not included in the DaRenCa-1 
study. Included patients were randomized to treatment with 
Interleukin-2/Interferon-α ± bevacizumab. The clinical out-
come of the DaRenCa-1 study has been published previously 
[32].

Blood samples were collected at diagnosis, 5 weeks, 
9 months, and/or progression, for isolation of peripheral 



463Cancer Immunology, Immunotherapy (2023) 72:461–473 

1 3

blood mononuclear cells (PBMCs) as well as serum. 
PBMCs were isolated from heparinized whole blood by 
Ficoll-Paque Plus (Amersham Biosciences, Amersham, 
UK) density gradient centrifugation according to manu-
facturer’s instructions. Serum samples and PBMCs were 
stored at − 80 °C and − 150 °C, respectively. The study was 
approved by the local ethical committee (M-20070190) and 
all patients provided signed consent forms before inclu-
sion. The IMDC risk scores were calculated post-hoc, as 
described by Heng et. al. [4], based on data collected as part 
of the clinical trial. Total corrected calcium was calculated 
from total calcium and albumin by the following formula: 
Corrected Calcium [mmol/L] = 0.02 * (Normal Albumin 
(40 g/L)—measured Albumin) + Calcium. Upper limit used 
for dichotomization in regard to IMDC was 2.55 mmol/L.

Number of metastatic sites was calculated as the sum of 
the numbers for organ-specific metastasis (dichotomized 
data, as shown in Table 1).

A control group of 20 age- and sex-matched healthy 
controls from the local blood bank, Department of Clinical 
Immunology, Aarhus University Hospital, Aarhus, Denmark 
were anonymously included in the study.

Serum sCD163 ELISA analysis

Serum concentrations of sCD163 were measured using a 
validated in-house sandwich ELISA assay [27]. Serum con-
centrations of C-reactive protein (CRP) were measured on a 
Roche cobas® 6000 analyzer (Roche Diagnostics) accord-
ing to the clinical standard procedure at the Department of 
Clinical Biochemistry, Aarhus University Hospital, Aarhus, 
Denmark.

Multiparameter flow cytometry

Samples of PBMCs were thawed, washed, and labelled 
with an antibody cocktail containing anti-CD56 (B159) 
V450, anti-CD14 (MΦP9) V500 (BD Biosciences), anti-
CD16 (3G8) PerCP, Live/Dead near-IR fixable dye (Life 
Technologies) and anti-CD163 (Mac2-158) PE (Trillium 
Diagnostics). All antibodies were titrated for optimal per-
formance. For compensation, OneComp eBeads (eBio-
sciences) were used for all antibodies except for anti-CD16 
PerCP, for which BD Comp Beads Plus (BD Biosciences) 
were used. For the Live/Dead near-IR dye, Amine Reac-
tive Compensation (ArC) beads (Life Technologies) were 
used. Samples were run on a BD LSRFortessa flow cytom-
eter (BD Biosciences), see Supplementary Fig. 1 for optical 
configuration of the LSRFortessa. The cytometer settings 
were calibrated and adjusted each day by cytometer setup 
and tracking (CST) beads using FACS Diva and applica-
tion settings (BD Biosciences). At least 100,000 events were 
acquired for all samples and at least 30,000 for compensation 

controls. Data were compensated and analyzed using FlowJo 
10.0.7 for Mac (Tree Star Inc., OR, USA). On each day of 
the experiment, Sphero 8-peak beads (BD Biosciences) were 
run along with the samples to document cytometer stability 
over time (Supplementary Fig. 2).

The gating strategy used for data analysis is shown in 
Supplementary Fig. 3.

Blocking with purified human IgG (100 µg/mL, Ber-
iglobin, CSL Behring) was used to alleviate non-specific 
antibody binding as described previously [34] for the major-
ity of samples since this procedure was introduced in our lab 
during the study period.

Two different lots of anti-CD163 PE antibody were avail-
able during the study. These two lots were compared side-
by-side showing good concordance in monocyte CD163 
MFI levels (Supplementary Fig. 4).

Statistics

Gaussian distribution of data was assessed by Q-Q plots 
before analysis. Data not showing Gaussian distribution 
were log-transformed and reassessed by Q-Q plots. Equal 
variance was tested by either Variance Ratio test or Bart-
lett’s test.

Comparisons of continuous data between two groups 
were performed by Student’s t-test for data showing a Gauss-
ian distribution and having equal variance, otherwise, the 
Mann–Whitney U test was used. Comparison of mCD163 
MFI levels between monocyte subsets was performed using 
a paired t-test.

Comparisons of continuous data, with more than two 
groups, were performed by oneway-ANOVA for data show-
ing a Gaussian distribution and having equal variance, oth-
erwise, the Kruskal–Wallis test was performed.

Repeated measures were analysed by mixed-effects analy-
sis due to missing values.

Comparisons of categorial data between two groups were 
performed by  chi2 or Fisher's exact test (for outcomes with 
less than 5 events). Comparisons of categorial data with 
more than two groups were performed by  chi2 (R × C). Cor-
relations were assessed using Pearson correlation.

Kaplan–Meier plots and logrank tests (or logrank test 
for trend when > 2 groups) were used for survival analyses. 
Overall survival was calculated from date of randomiza-
tion until death or last follow-up. This was performed both 
in the total patient cohort and after stratification based on 
MSKCC prognostic groups. Cut-off values equal to the 25th, 
50th, and 75th percentile of mCD163 and sCD163 levels 
were investigated. The cut-off values were determined in the 
individual analysed groups. The established sCD163 upper 
reference value of the age group 50–74 years (3.76 mg/L) 
[27] was used as an additional cut-off value.
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Cox proportional hazards regression models were applied 
in uni- and multivariate survival analyses. This was done 
after checking that all assumptions for this method were met, 
including that of proportional hazards. Since there was a 
non-linear relationship between the log(hazards) and mono-
cyte mCD163 PE MFI (not meeting the required assump-
tions), this parameter was included in a multivariate Cox 

regression model using restricted cubic splines functions 
[35].

Prism 9 for Mac (Graphpad Software, San Diego, CA) 
was used to create graphs, Kaplan–Meier plots as well as 
mixed effect analysis. STATA v. 15 for Mac or Windows 
(StataCorp LLC, TX) was used for the statistical analyses 
and to create the graphs shown in Fig. 4.

Table 1  Baseline clinical and paraclinical data on included patients

Binary and categorical data are shown as N (numbers) with percentage of the total cohort of patients in parentheses
Continuous data are shown as median values and IQR (interquartile range). Furthermore, the same parameters are shown after stratification of 
the patients by the median value of sCD163 (2.18 mg/L). P-values were calculated from the relevant statistical test between the low versus high 
sCD163 groups. Significant differences are highlighted by bold font
Note that the present cohort does not include patients with MSKCC poor risk score, since such patients were excluded from the DaRenCa-1 
study
MSKCC Memorial Sloan Kettering Cancer Center, IMDC International Metastatic RCC Database Consortium, LDH Lactate dehydrogenase

Variable All Patients sCD163 at baseline

Low (< 2.18 mg/L) High (≥ 2.18 mg/L) P-value

N 89 43 45
Sex – N (%) 0.71
 Female 22 (25) 10 (23) 12 (27)
 Male 67 (75) 33 (77) 33 (73)

Age – median (range) 57 (28–69) 57 (37–67) 58 (28–69) 0.89
MSKCC – N (%) 0.38
 Favorable 47 (53) 25 (58) 22 (49)
 Intermediate  42 (47) 18 (42) 23 (51)

IMDC – N (%) 0.44
 Favorable 22 (25) 13 (31) 9 (20)
 Intermediate 47 (54) 22 (52) 24 (55)
 Poor 18 (21) 7 (17) 11 (25)

Kidney Tumor – N (%) 13 (15) 7 (16) 6 (13) 0.70
Metastases – N (%)
 Lung 71 (80) 33 (77) 37 (82) 0.52
 Lymph node 56 (63) 23 (53) 32 (71) 0.09
 Liver 14 (16) 3 (7) 11 (24) 0.04
 Bone 23 (26) 9 (21) 14 (31) 0.28
 Soft Tissue 17 (19) 11 (26) 6 (13) 0.15
 Adrenal Glands 13 (15) 4 (9) 9 (20) 0.23

Smoking – N (%) 0.65
 Never Smoked 29 (33) 13 (30) 16 (36)
 Previous Smoked 41 (47) 20 (47) 21 (48)
 Current Smoker 18 (20) 10 (23) 7 (16)

Paraclinical – median (IQR)
 LDH (mg/L) 168 (145–196) 163 (139–189) 174 (146–196) 0.51
 Haemoglobin (mmol/L) 8.3 (7.5–9) 8.5 (7.8–9.1) 8.1 (7.2–9) 0.12
 Total, corrected calcium (mmol/L) 2.37 (2.30–2.50) 2.34 (2.28–2.44) 2.42 (2.33–2.52) 0.06
 Albumin (g/L) 38 (35–41) 39 (37–42) 37 (35–39) 0.02
 C-reactive protein (mg/L) 9.84 (2.53–41.25) 4.38 (1.32–20.8) 13.94 (4.89–63.01) 0.002
 Neutrophils  (109/L) 4.34 (3.17–5.37) 4.37 (2.97–5.50) 4.34 (3.24–5.74) 0.83
 Monocytes  (109/L) 0.63 (0.52–0.85) 0.59 (0.51–0.75) 0.65 (0.57–0.95) 0.04
 Platelets  (109/L) 272 (231–348) 261 (231–305) 300 (232–380) 0.06
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Results

Baseline characterization of the patient cohort 
and healthy controls

Patients in the present study were originally included in 
the DaRenCa-1 clinical trial, which enrolled only patients 
classified as favorable or intermediate risk according to 
the MSKCC risk model [32]. Baseline characteristics of 
the patients, including a stratification by median serum 
sCD163 levels, are shown in Table 1. The median age 
was 57 years and 75% were male. The IMDC prognostic 
score was favorable, intermediate, and poor in 25%, 54%, 
and 21%, respectively. The majority of patients had lung 
(80%) and lymph node (63%) metastases, 26% had bone 
and 16% liver metastases. Stratified by median sCD163, 
most baseline factors were well balanced, but patients 
with low sCD163 had lower levels of liver metastases 
(P = 0.04), albumin (P = 0.02), CRP (P = 0.002) and cir-
culating monocytes (P = 0.04). Smoking status was not 
associated with differences in baseline levels of either 
sCD163 (P = 0.65) or mCD163 (P = 0.99).

High levels of serum sCD163 were correlated with high 
metastatic burden; patients with ≥ 4 metastatic sites had 
higher levels of serum sCD163 compared to the group 
with one (P = 0.001) and three (P = 0.04) metastatic sites 
(Supplementary Fig. 5).

The included healthy controls matched the mRCC 
patients by sex (P = 0.97) and age (P = 0.18).

Decreased monocyte mCD163 and increased 
serum sCD163 levels in mRCC patients compared 
to healthy controls.

Monocyte CD163 expression (mCD163) was assessed by 
flow cytometry, for both the total monocyte population and 
for the three major monocyte subsets (see Supplementary 
Fig. 3 for gating strategy). Patients with mRCC showed 
lower expression levels of mCD163 on the total population 
of circulating monocytes, compared to healthy controls 
(P < 0.001), but with no difference between  MSKCCFAV 
and  MSKCCINT patients (P = 0.81, Fig. 1A).

When looking at mCD163 expression for the three 
monocyte subsets, a clear pattern was seen for the healthy 
controls: Classical monocytes  (CD14+CD16−) showed 
the highest mCD163 expression, intermediate monocytes 
 (CD14+CD16+) had intermediary mCD163 expression, 
whereas non-classical monocytes  (CD14dimCD16++) 
expressed almost no mCD163 (Fig. 1D, and Supplemen-
tary Fig. 3H). The mRCC patients showed more variable 
monocyte mCD163 levels, with higher mCD163 expres-
sion on classical vs. intermediate monocytes (P = 0.01), 

and with negligible mCD163 expression on non-classical 
monocytes (Fig. 1D). It is seen that the lower mCD163 
expression in mRCC patients vs. controls, was mainly 
due to significantly lower mCD163 levels on classical 
monocytes.

The concentration of sCD163 in serum showed a pattern 
opposite to mCD163, with higher levels in mRCC patients 
compared to healthy controls: the median concentration of 
sCD163 was 2.18 mg/L for all mRCC patients vs. 1.81 mg/L 
for healthy controls (P = 0.004). Further, compared to the con-
trols, sCD163 was significantly higher in both  MSKCCFAV 
(P = 0.02) and  MSKCCINT (P = 0.003) mRCC patients, but 
there was only a trend towards a higher sCD163 in  MSKCCINT 
versus  MSKCCFAV patients (P = 0.08, Fig. 1B). The range 
of sCD163 levels was clearly increased in mRCC patients, 
with sCD163 elevated above the reference range in 4 (9%) of 
 MSKCCFAV patients and 12 (29%) of  MSKCCINT patients (but 
none of the healthy controls).

We observed a weak inverse correlation between 
mCD163 MFI (of all monocytes) and serum sCD163 
(r = −0.22, P = 0.04, Fig. 1C). This correlation was −0.12 
(N = 47, P = 0.41) for  MSKCCFAV patients, and −0.34 
(N = 41, P = 0.03) for  MSKCCINT patients. No significant 
correlation was observed for healthy controls (P = 0.94).

Further, since increased levels of sCD163 have been 
linked to inflammation, we analysed the relationship 
between sCD163 and CRP. In the patients, a positive cor-
relation between sCD163 and CRP was observed (r = 0.46, 
P < 0.001), which was seen in both MSKCC risk groups. 
However, this positive correlation in the patients was at least 
to some extent driven by a few patients having particularly 
elevated levels of both sCD163 and CRP (Supplementary 
Fig. 6).

Dynamics of serum sCD163 during treatment

No differences were observed in sCD163 concentrations 
between baseline, 5 weeks, and 9 months of treatment or 
at progression (P = 0.28, Supplementary Fig. 7A). This 
was also the case when separately analyzing patients ran-
domized to ± bevacizumab (Supplementary Fig. 7B). Fur-
thermore, the relative change in serum sCD163 was com-
pared between patients with objective response (complete 
or partial response), stable disease, or progressive disease. 
Again, no significant differences were found (Supplementary 
Fig. 7C–E).

Monocyte mCD163 as a prognostic biomarker: 
Kaplan–Meier analyses

We evaluated the prognostic value of mCD163, initially 
for all included patients, and then after stratification by 
MSKCC risk group. Since monocyte mCD163 MFI has 
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not previously been investigated as a prognostic marker 
in RCC patients, we examined the 25th, 50th, and 75th 
percentiles as cut-offs for survival analyses. Using the 
25th percentile cut-off, low mCD163 was associated with 
poor outcomes (median 21.1 vs. 43.2 months, P = 0.02, 
Fig. 2A) while the 50th or 75th percentile cut-off showed 
no statistically significant difference in survival (P = 0.68 
and P = 0.10, respectively, Fig. 2A).

When also stratifying by MSKCC risk group, we 
observed that the association between low mCD163 and 
poor outcome (25th percentile cut-off) was especially 
pronounced in  MSKCCINT patients. In contrast, for high 
mCD163 (75th percentile cut-off) there was an asso-
ciation with poor outcome only in  MSKCCFAV patients 
(Fig. 3A & Supplementary Fig. 8).

Serum sCD163 as a prognostic biomarker: Kaplan–
Meier analyses

As for mCD163, survival analyses were performed to inves-
tigate the prognostic value of the serum levels of sCD163. 
Using the 25th, 50th, and 75th percentiles as cut-offs in 
Kaplan–Meier analyses, higher levels of sCD163 were 
associated with poor outcomes. The absolute difference 
in median OS between patients with low vs. high sCD163 
was largest when using the 25th percentile (1.78 mg/L) 
cut-off: 67.6 vs. 30.3 months, respectively (P = 0.02). The 
same pattern was observed when using the  50th percentile 
(2.18 mg/L, 42.20 vs. 27.84 months, P = 0.06), and the 75th 
percentile (3.07 mg/L, 43.21 vs. 17.38 months, P = 0.001), 
as seen in Fig. 2B. A similar result was obtained by using 

Fig. 1  Monocyte mCD163 and serum sCD163 levels in mRCC 
patients and healthy controls. A Monocyte mCD163 MFI (PE) levels 
for healthy controls, and for mRCC patients with MSKCC favorable 
 (MSKCCFAV) and intermediate  (MSKCCINT) risk score measured 
by flow cytometry. B Serum sCD163 levels for healthy controls and 
mRCC patients measured by ELISA. Dotted line = 3.76 mg/L (upper 
reference value of sCD163 in the age group of 50–74  years, see 

ref. 27). C Correlation of mCD163 MFI and sCD163 for all mRCC 
patients. P- and r-values by Pearson correlation using ln(sCD163) and 
ln(mCD163). Best fitted line is shown (with 95% CI as dotted lines). 
D mCD163 MFI levels for classical, intermediate, and non-classical 
monocytes shown for healthy controls and each of the two MSKCC 
risk groups. Error bars show median with interquartile range. MFI: 
median fluorescence intensity
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the established upper reference range for the sCD163 assay 
(3.76 mg/L, 43.18 vs. 14.97 months, P = 0.001, data not 
shown).

Survival analyses also were performed after stratifica-
tion by MSKCC risk group. Here, it was clear that the 
association of high sCD163 with poor outcome was most 

pronounced in  MSKCCINT patients, with a clear separa-
tion of survival curves for all cut-off values, whereas for 
 MSKCCFAV patients there were no significant differences 
in OS (Fig. 3B & Supplementary Fig. 9).

When investigating the prognostic value for sCD163 
for patients randomized to ± bevacizumab as part of the 

Fig. 2  Survival analyses by mCD163 and sCD163 levels in all 
included mRCC patients. A Kaplan–Meier survival analyses using 
monocyte mCD163 MFI levels stratified by 25th, 50th, or 75th per-
centile in the total mRCC patient cohort. B Survival analyses as in 

A) using peripheral blood serum sCD163 data from the total patient 
cohort. P-values by logrank tests. The separator value for binomial 
categorization is stated in parentheses on each plot. Censored patients 
are annotated with a rectangle
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DaRenCa-1 trial, there was no significant impact of this 
randomization (data not shown).

Multivariate analyses: serum sCD163 
is an independent prognostic biomarker in mRCC 
patients

As the above Kaplan–Meier analyses indicated potential of 
both monocyte mCD163 and serum sCD163 as prognos-
tic markers in mRCC patients, we next performed uni- and 
multivariate Cox regression survival analyses to further 
investigate the biomarker potential. These analyses included 
already established prognostic factors in mRCC, for which 
data was available (neutrophils, platelets, hemoglobin, cor-
rected calcium, and LDH). Results of these analyses are 
shown in Fig. 4A for serum sCD163. It is seen that in uni-
variate analyses, all the investigated biomarkers, except for 
serum calcium levels, showed statistically significant asso-
ciations with outcome (including for sCD163: HR = 1.40, 
P < 0.001). In the multivariate analysis, sCD163 (HR = 1.28; 
95%CI 1.09–1.50; P = 0.002) was an independent prognostic 
marker associated with mRCC patient overall survival.

Since sCD163 is a biomarker of inflammation, we also 
investigated the prognostic value of CRP levels, showing 
a significant association between increased CRP and poor 
OS in the univariate analysis (HR = 1.35, P < 0.001). How-
ever, when also including CRP data in the multivariate 
analysis, sCD163 remained an independent prognostic fac-
tor (HR = 1.24; 95%CI 1.04–1.47; P = 0.016).

It is seen that for serum sCD163 there was an approxi-
mately linear association between sCD163 levels and the 
HR (Fig. 4B). However, for monocyte mCD163 expres-
sion levels, our analyses showed a biphasic relationship 
between mCD163 expression and the HR (Fig. 4C), which 
was in accordance with the results from the Kaplan–Meier 
analyses described above. The monocyte mCD163 MFI 
data did not fulfil the assumptions for Cox proportional 
hazards regression analysis, and thus we do not report 
quantitative results on uni- and multivariate Cox regres-
sion analyses for the mCD163 parameter. However, using 
cubic-splines function statistics [35], we were able to 
include the monocyte mCD163 parameter in a multivari-
ate Cox regression analysis with the same covariates as 
in Fig. 4A. The results may be interpreted with caution 

Fig. 3  Survival analyses by mCD163 and sCD163 levels, stratified by 
MSKCC prognostic groups. Analyses as shown in Fig.  2 were per-
formed for  MSKCCFAV and  MSKCCINT patients, respectively. Here, 
we show data for the cut-off value yielding the lowest P-value for 

mCD163 and sCD163, respectively (see Supplementary Figs.  8 and 
9 for all investigated cut-off values). P-values by logrank test. The 
separator value for binomial categorization is stated in parentheses on 
each plot. Censored patients are annotated with a rectangle
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but showed that patients with monocyte mCD163 levels 
close to the mean value (PE MFI ~ 12,500) had the most 
favorable outcome, whereas both lower (P = 0.002) and 
higher (P = 0.001) mCD163 levels were associated with 
worse outcome.

sCD163 as a potential add‑on biomarker to improve 
the IMDC prognostic score

As described above, the MSKCC score was used for inclu-
sion of patients in the DaRenCa study-1, and overall sur-
vival curves by MSKCC risk groups can be seen in Sup-
plementary Fig. 10. However, the IMDC risk model has 

now become the preferred risk assessment tool. Therefore, 
we investigated the performance of sCD163 as a biomarker 
supplement to the IMDC score.

The prognostic value of the IMDC score is clearly 
demonstrated with good curve separation (P = 0.006, 
Fig. 5A). Interestingly, when dividing the IMDC inter-
mediate  (IMDCINT) patients into two groups based on 
the sCD163 median value  (IMDCINT-sCD163LOW or 
 IMDCINT-sCD163HIGH) a clear separation of the survival 
curves was seen (P = 0.03, Fig. 5B);  IMDCINT-sCD163LOW 
showed survival similar to  IMDCFAV (P = 0.85) and 
 IMDCINT-sCD163HIGH patients showed survival similar 
to  IMDCPOOR patients (P = 0.26).

Fig. 4  Survival analyses by Cox Proportional Hazards regression 
analysis. A Uni- and multivariate Cox regression analyses of sCD163 
and known prognostic factors in mRCC. *sCD163 data were included 
as a continuous variable in Cox regression analyses, whereas data on 
the other factors were categorized into two groups according to the 
cut-off used in the MSKCC/IMDC scores: LDH > 1.5 × upper limit of 
normal; corrected calcium, platelets, and neutrophils > normal range, 
and hemoglobin < normal range. Thus, a hazard ratio (HR) of 1.4 for 
sCD163 denotes a 1.4 times increased hazard (risk of death) with 
each increase of one unit in serum sCD163 (mg/L). For the categori-
cal parameters, the HR denotes the hazard difference between patients 
with abnormal vs. normal values as stated above. Data on albumin-
corrected calcium did not reach statistical significance in the univari-

ate analysis, and was not included in the multivariate analysis. It is 
seen that increased sCD163, neutrophils, platelets, and LDH were 
all independent prognostic factors in this cohort of mRCC patients. 
LDH: Lactate dehydrogenase. B Cox regression-modeled associa-
tion between serum sCD163 and HR, showing an increased HR with 
higher sCD163. C Cox regression-modeled association between 
monocyte mCD163 MFI and HR. Intermediate mCD163 MFI lev-
els (around the mean value of 12,500) were associated with the most 
favorable outcome, whereas both very low or very high CD163 MFI 
levels were associated with a worse outcome. These data did not fulfil 
the model assumptions for Cox proportional hazards regression. MFI: 
Median fluorescence intensity. HR equal to 1 is marked by a solid red 
line. Gray areas show 95%-CI for HR
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Discussion

This is the first report on mCD163 and sCD163 as biomark-
ers of OS in mRCC patients. We demonstrate that both 
monocyte membrane-bound CD163 (mCD163) and serum 
soluble CD163 (sCD163) levels in patients with mRCC were 
independent biomarkers of patient outcome. High sCD163 
was an independent prognostic factor associated with poor 
outcomes, whereas, for monocyte mCD163, patients hav-
ing either very low or very high levels experienced worse 
outcomes than patients with intermediary mCD163 levels.

Importantly, the level of sCD163 was able to separate 
patients with  IMDCINT risk into two subgroups having sur-
vival similar to patients with  IMDCFAV and  IMDCPOOR, 
respectively. Hence, using sCD163 as an add-on to the 
IMDC risk score may improve the prognostic stratification in 
patients with mRCC. As both MSKCC and IMDC risk score 
systems allocate almost half of the patients into the interme-
diate risk group [4], the sCD163 biomarker may improve 
prognostic allocation and patient counselling. Since current 
treatment recommendations differ between  IMDCFAV and 
 IMDCINT-POOR patients [36], these results may be used to 
improve prognostic staging and treatment decisions in the 
future, if the results can be reproduced in larger prospective 
studies, with current standard of care.

The present study included patients with available serum/
PBMC samples that were collected as part of the DaRenCa-1 
clinical trial, where patients were treated with Interleukin-2 
and Interferon-α (± bevacizumab) as frontline treatment and 
primarily TKI-based treatment at relapse as described previ-
ously [32].

The MSKCC risk score was used as inclusion criteria in 
the DaRenCa-1 trial with inclusion of only favorable and 

intermediate risk patients, and thus the MSKCC score was 
included in the present study for stratification by prognosis.

The prospective study design with long follow-up is a 
strength of the study, whereas limitations include the mod-
erate number of included patients, the used treatment regi-
men in the clinical trial that differ from the current standard 
of care, and a patient cohort including only patients with 
MSKCC favorable and intermediate risk score.

Our analysis of monocyte subset mCD163 expression lev-
els showed that in both healthy controls and mRCC patients 
the highest expression of CD163 was found on classical 
monocytes, with lower and negligible expression on inter-
mediate and non-classical monocytes, respectively. This is 
in agreement with previous reports [20]. Monocyte mCD163 
levels were generally decreased in mRCC patients, compared 
to healthy controls, whereas the opposite was seen for serum 
sCD163 levels that were increased in the patients. There 
were no statistically significant differences in mCD163 
or sCD163 levels between  MSKCCFAV and  MSKCCINT 
patients. The difference in mCD163 and sCD163 between 
healthy controls and cancer patients differs between malig-
nancies. Decreased mCD163 has also been reported in colo-
rectal cancer [37] whereas no differences were observed in a 
study on multiple myeloma [38]. For sCD163, significantly 
increased levels in patients, compared to healthy controls, 
have also been reported for diffuse large B-cell lymphoma 
(DLBCL) [39], and hepatocellular cancer [40], whereas no 
differences were found in studies on colorectal cancers [37] 
and multiple myeloma [38].

Importantly, sCD163 remained a statistically signifi-
cant independent prognostic factor in multivariate Cox 
regression analysis also including CRP as a co-variate, 
which indicates that sCD163 is not merely a bystander 

Fig. 5  sCD163 as a potential add-on biomarker to improve the IMDC 
prognostic score. A Overall survival of all patients according to their 
IMDC risk score at baseline. The reported P-value is by logrank 
test for trend. Censored patients are annotated with a rectangle. B 
The IMDC intermediate risk group  (IMDCINT) was divided into two 
groups by the baseline serum sCD163 concentration (split on median: 

2.25  mg/L). The reported P-value is by logrank test of difference 
in OS between  IMDCINT-sCD163LOW vs.  IMDCINT-sCD163HIGH. 
Further, there was no statistically significant difference in survival 
between  IMDCINT-sCD163LOW vs.  IMDCFAV patients (P = 0.85) or 
 IMDCINT-sCD163HIGH vs.  IMDCPOOR patients (P = 0.26). Censored 
patients are annotated with a rectangle
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marker of inflammation. This is in accordance with previ-
ous studies highlighting sCD163 as an independent prog-
nostic biomarker in multiple myeloma [30], diffuse large 
B-cell lymphoma [39], and hepatocellular carcinoma [40]. 
In studies on colorectal cancer [37], and epithelial ovarian 
cancer [29], no significant prognostic value was found in 
multivariate survival analyses (OS).

So far, the mechanism behind increased sCD163 
reported for a number of cancers, as well as the prognostic 
value of sCD163, is not fully understood. It is known that 
sCD163 is mainly released from monocytes/macrophages 
by the enzyme ADAM17 [26], the expression of which 
is increased in various cancers [41], including renal cell 
carcinoma [42]. Further, infiltration of CD163-expressing 
TAMs in human tumors is high, which is associated with 
poor outcomes, including in RCC [13, 14]. This, together 
with increased ADAM17 activity likely contribute to 
increased sCD163 levels in cancer patients. We found 
a negative correlation between mCD163 and sCD163 
which has been reported previously [43] and suggests that 
monocyte CD163 also contributes to the pool of circulat-
ing sCD163. However, this is still unresolved and a recent 
study found no correlation between monocyte mCD163 
and sCD163 in patients with multiple myeloma [38].

We investigated dynamic changes of serum sCD163 
during the course of treatment, showing no significant 
changes, irrespective of the observed response to treat-
ment. This absence of association between sCD163 
dynamics and treatment response may seem contradic-
tory due to the prognostic value of sCD163. These results 
further highlight the need for future studies on the bio-
logical background for prognostic value of sCD163 in 
malignancies.

In the present study, the prognostic value of sCD163 
was mainly observed in the  MSKCCINT group. For mono-
cyte mCD163, low levels were associated with poor 
outcomes in  MSKCCINT patients and high levels were 
associated with poor outcomes in  MSKCCFAV patients. 
This observation may indicate that the large group of 
 MSKCCINT patients is more heterogenous in relation to 
monocyte-macrophage-related immune activation. In line 
with this, recent studies exploring the genetic signatures of 
RCC described several different subtypes [44, 45]; a com-
mon feature was two main subtypes based on angiogenic 
and immunogenic activity. Interestingly, the fraction of 
patients with the angiogenic subtype decreased, and the 
fraction of immunogenic subtype increased, when moving 
from the favorable to the intermediate risk group, and from 
the intermediate to the poor risk group (by both MKSCC 
and IMDC) [44]. Associations of these genetic signatures 
with monocyte mCD163 and serum sCD163 should be 
investigated in future studies. Such analyses may add to 

our biological understanding of the observed association 
between mCD163/sCD163 levels and patient outcomes.

Regarding the possibility of implementing the investi-
gated biomarkers in routine clinic, there is a clear advan-
tage of sCD163 over mCD163, since sCD163 is measured 
by a simple ELISA assay—whereas mCD163 is measured 
by flow cytometry yielding arbitrary outcome values, not 
easily standardized between laboratories.

In conclusion, both monocyte mCD163 and serum 
sCD163 showed value as prognostic biomarkers in mRCC 
patients, and high serum levels of sCD163 were an inde-
pendent prognostic marker of poor overall survival. Using 
sCD163 as an add-on to the IMDC risk score may improve 
the prognostic stratification in patients with an IMDC inter-
mediate risk score. This finding should be validated in larger 
prospective cohorts, as it may have potential impact on treat-
ment strategies in the future.

Supplementary Information The online version contains supplemen-
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