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Key Points

• High level of the
soluble macrophage
marker CD163 is
associated with shorter
PFS and OS in MCL.

• Soluble CD163 is
prognostic in both
rituximab-
chemotherapy–treated
and rituximab, ibrutinib
and lenalidomide–
treated MCL.
The outcome for patients with mantle cell lymphoma (MCL) has drastically improved with

new treatments directed toward the tumor immune microenvironment, where

macrophages play an important role. In MCL, the presence of M2 macrophages defined by

CD163 expression in diagnostic biopsies has been associated with a worse prognosis. An

alternative way to assess the abundance of M2 macrophages is by measuring the level of

soluble CD163 in serum (sCD163). We aimed to investigate the prognostic value of sCD163 in

131 patients with MCL. We found that high sCD163 at diagnosis was associated with shorter

progression-free survival (PFS) and shorter overall survival (OS) in 81 patients who were

newly diagnosed and subsequently treated with chemoimmunotherapy. The same was seen

in a cohort of 50 patients with relapsed MCL that were mainly treated within the phase 2

Philemon-trial with rituximab, ibrutinib, and lenalidomide. In patients who were newly

diagnosed and had low levels of sCD163, 5-year survival was 97%. There was a moderate

correlation between sCD163 and tissue CD163. The association with a poor prognosis was

independent of MCL international prognostic index, Ki67, p53 status, and blastoid

morphology, as assessed in a multivariable Cox proportional hazards model. In this study,

high sCD163 was associated with both shorter PFS and shorter OS, showing that high levels

of the M2 macrophage marker sCD163 is an independent negative prognostic factor in MCL,

both in the chemoimmunotherapy and ibrutinib/lenalidomide era. In addition, low sCD163

levels identify patients with MCL with a very good prognosis.
Introduction

Mantle cell lymphoma (MCL) is a heterogeneous disease with a poor prognosis.1 New targeted
treatments, such as Bruton tyrosine kinase (BTK) inhibitors, have drastically improved outcomes for
patients with MCL.2 Another active treatment for MCL is the immunomodulatory drug lenalidomide.
Both BTK inhibitors and lenalidomide affect tumor-associated macrophages (TAMs) in the tumor
microenvironment.3-5 TAMs of M2 type are known to support angiogenesis, suppress T-cell response
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and promote tumor cell growth. The most established marker for
M2 TAMs is CD163, a membrane-bound scavenger receptor.
Carreras et al have shown prognostic significance of CD163 gene
expression levels in diffuse large B–cell lymphoma (DLBCL) tumor
tissue,6 and high levels of CD163+ cells in tumor tissue are
associated with poor prognosis in several malignacies, including
MCL.7-10 MCL cells have been shown to polarize TAMs toward the
M2 type, and thereby promoting their own growth.11 CD163 is of
rising interest as a novel target for immunotherapy, and several
different strategies are under investigation.12,13

CD163 can be shredded from the membrane into the blood upon
macrophage activation and is then found in its soluble form,
sCD163.14 One of the main functions of sCD163 is clearing
plasma from hemoglobin-haptoglobin complexes.15 Increased
levels of sCD163 in serum correlate with disease severity and
progression in several malignancies, including lymphomas.12,16-20

Furthermore, sCD163 levels correlate positively with worse prog-
nosis and decrease during successful treatment in patients with
DLBCL21 and classical Hodgkin lymphoma (cHL).22 In chronic
lymphocytic leukemia higher sCD163 levels correlate with a shorter
time to the first treatment.23 It is not known if sCD163 measured in
serum is associated with prognosis in MCL.

We aimed to evaluate the association between sCD163 and
prognosis in MCL by analyzing serum samples from 131 patients
with MCL.

Methods

Patients and cohorts

We used 3 cohorts with a total of 131 patients with MCL to
evaluate sCD163 in different stages of the disease (Figure 1). First,
2 population-based cohorts in which samples were taken at diag-
nosis were used, from Lund (n = 49) and Uppsala (n = 32),
Sweden. Next, to investigate if the results were valid also for
patients with MCL who relapsed, a third cohort with 44 patients
with MCL who relapsed was included from the phase 2 trial
Philemon, the Nordic Lymphoma Group MCL6-study. Patients who
relapsed were included between 2015 and 2016 in Sweden,
Finland, Denmark, and Norway.24 Samples were taken at the
inclusion in the study (newly verified relapse or progression was the
inclusion criteria). These patients were evaluated together with 6
patients with MCL who relapsed from the Uppsala cohort.

Overall, 32 patients were sampled at diagnosis and 6 patients were
sampled at relapse (38 patients in total) from Uppsala. In addition,
29 samples were taken during treatment, 33 samples in remission,
and 6 samples at later relapses. Samples during treatment were
used for analysis of sCD163 levels in relation to treatment, and
samples from remission were used for evaluation of progression of
disease within 24 months. The serum samples taken during treat-
ment and in remission as well as the tissue samples were all from
patients in the Uppsala cohort.

sCD163 levels and cutoffs

sCD163 was analyzed in pretreatment serum samples using an
enzyme-linked immunosorbent assay with a human sCD163 Quanti-
kine Kit from R&D Systems. All samples were analyzed in duplicates
and the average value was used in the subsequent analysis. In ~87%
of the cases, the coefficient of variation (σ/μ × 100) was <25%.
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There is no established cutoff for high vs low sCD163 levels in
MCL, but the median level was used in a previous publication on
sCD163 in patients with DLBCL21 and was a priori set out to be
our cutoff for this study.

Association between sCD163 levels and baseline

characteristics

Frequencies and proportions of clinical and biological factors by
sCD163 levels were tested using Pearson χ2 test for categorical
variables with cell counts ≥5, Fischer exact test for categorical vari-
ables with cell counts of <5, and Wilcoxon rank sum test for
continuous variables. p53 abnormality was defined as either TP53
mutation, identified with genetic characterization in the study cohort or
p53 overexpression identified with immunohistochemistry in >30% of
the tumor cells in diagnostic biopsies. The concordance between
TP53 mutation and p53 overexpression is considered high.25 Low
hemoglobin (Hb) was defined as a Hb level below the reference value
(<120 g/L for women and <130 g/L for men).

Association between sCD163 levels and tissue CD163

expression

To correlate sCD163 levels with tissue CD163, we analyzed CD163
in MCL tumor tissue in 29 patients from the Uppsala cohort. Samples
were taken from bone marrow (n = 15), lymph nodes (n = 17), tonsil
(n = 4), and others (liver and tongue, n = 2). Nine patients had
samples from 2 locations of the body. Tissue CD163 and sCD163
from the same time point was available in 24 patients. Formalin-fixed,
paraffin-embedded tumor tissue was stained for CD163 and evalu-
ated manually for the percentage of positive cells within tumor areas.
Methods have been described in detail in our previous publication7

and the same cutoff, ie, 0.6% positive cells was used in regression
analysis. The Spearman rank correlation test was used to assess
correlation between tissue CD163 and sCD163 as continuous vari-
ables. p53 overexpression in relation to dichotomized sCD163 values
was analyzed with Wilcoxon rank sum test.

Association between sCD163 and outcome in

univariable and multivariable analyses

Patients started being at risk from the date of MCL diagnosis or
date of clinically detected relapse and were followed until the
minimum of date of death (owing to any cause) in the analysis of
overall survival (OS), date of verified next relapse/progression or
death owing to any cause in the analysis of progression-free
survival (PFS), or end of the study period (21 May 2021). The
Kaplan-Meier method was used to calculate the survival function
according to sCD163 level, and differences between survival
curves were formally tested using the log-rank test. Univariable and
multivariable Cox proportional hazards (PH) models were fitted to
estimate hazard ratios (HRs) as a measure of the association
between sCD163 and outcome, measured as OS or PFS. The PH
assumption was formally tested using Schoenfeld residuals and
was not violated in any of the analyses.

Variables used for adjustments in the multivariable model were
chosen according to a directed acyclic graph26 (supplemental
Figure 2). Because biological variables were incomplete in the
population-based cohort from Lund, fully adjusted multivariable
analysis was restricted to the Uppsala cohort and the clinical study
cohort.
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Defining a clinically significant sCD163 cutoff

To calculate the optimal cutoff, Maximally Selected Rank Statistics
(survival::surv_cutpoint() using maxstat::maxstat) in R was used.
Receiver operating characteristic curve was plotted with pROC
package in R to determine the predictive ability of sCD163 levels at
diagnosis on 5-year OS. This was based on the newly diagnosed
cohort only as the follow-up was shorter in the relapsed cohort.

Statistical methods

All P-values were 2-sided and differences were considered sta-
tistically significant when P was <.05.

R version 4.2.0 with RStudio was used for all statistical analyses.

Ethical approval

Studies on the population-based cohorts were approved by the
Ethical Regional Committee in the respective regions (Dnr 2014/
233, Ethical Regional Committee in Uppsala, and Dnr 2011/539,
Ethical Regional Committee in Lund). The clinical trial was
approved by the national ethics committee in each participating
country and the study was performed according to the International
Conference on Harmonization Guidelines for Good Clinical Prac-
tice and Declaration of Helsinki. All patients in the clinical trial
provided written informed consent.

Results

Patients and cohorts

To investigate if the macrophage marker sCD163 is associated
with prognosis in MCL, we analyzed sCD163 in serum samples
from a total of 131 patients with MCL. Eighty-one patients had their
samples taken at diagnosis and 50 patients at the time of relapse
(Figure 1). Ages ranged from 45 to 85 years with 53% being <70
years, and 73% of the patients being male (Table 1). The patients
sampled at diagnosis represent a population-based cohort and
were preferably treated with rituximab (R) bendamustin (n = 33) or
the Nordic MCL 2 protocol with induction cytarabine–based
chemotherapy and consolidation with high-dose chemotherapy
with an autologous stem cell transplantation (n = 19). Other pri-
mary treatments are outlined in the legend of Table 1. Median
follow-up time in this cohort was 4.3 years (range, 0.11-9.8), and
43% of the patients relapsed or died during follow-up.
131 patients with MCL diagnosed between 2003 and 2020

Population based cohort
from Lund

49 patients sampled
at diagnosis

6 patients
sampled at

relapse

44 pati
at

Clinica
Population based cohort

from Uppsala

81 patients sampled at diagnosis 50 patients sampled a

32 patients
sampled at
diagnosis
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The patients who relapsed from the study cohort had a median of 2
prior treatments (range, 1-5) and were subsequently treated with
rituximab, ibrutinib, and lenalidomide within the trial. Median follow-
up time among the patients who relapsed was 3.5 years (range,
0.1-4.2), and 59% of the patients relapsed or died during follow-up.

In univariable Cox PH models, high MCL international prognostic
index (MIPI), lactate dehydrogenase above normal, and Hb levels
below normal were associated with shorter OS.

sCD163 levels and cutoffs

The sCD163 cutoff for this study was a priori set to median level. A
Kaplan-Meier analysis with sCD163 divided into quartiles showed a
gradually increasing risk of progression or death with increasing
sCD163 value, with the greatest difference between the upper and
the lower half of patients, supporting the choice of median value as
a cutoff (supplemental Figure 1). In the samples taken at diagnosis,
the median level was 3211 ng/mL (range, 1311-7611) and in the
samples taken at relapse the median value was 2963 ng/mL
(range, 1223-6002). In analysis of all patients together, the overall
median level was 3112 ng/mL (range, 1223-7611), and finally, as a
suggestion for clinical implementation the cutoff of 3000 ng/mL
was evaluated.

Association between sCD163 levels and baseline

characteristics

sCD163 was higher in patients with p53 abnormalities. High
sCD163 was also more common in patients with elevated lactate
dehydrogenase and patients with low Hb, whereas there was no
association with other well-known poor prognostic factors
(Table 2).

Association between sCD163 levels and tissue CD163

expression

Tissue CD163 was analyzed in lymph nodes vs bone marrow
separately because CD163 levels differed by location.7 There was
a moderate correlation between sCD163 levels and CD163 in
tumor tissue sampled from lymph nodes (r = 0.64; P = .014;
Spearman rank correlation) and a similar, but slightly weaker trend
in tumor tissue sampled from bone marrow (r = 0.51; P = .052)
(Figure 2).
ents sampled
 relapse

l study cohort

t relapse

Figure 1. Flowchart of the MCL cohorts. The 38 patients

from Uppsala also contributed with 29 samples taken during

treatment, 33 samples taken in remission, and 6 samples

taken at later relapses. Twenty-four of the patients from

Uppsala had matching tissue samples from the time of

diagnosis (n = 21) or relapse (n = 3).
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Table 1. Patient characteristics in all patients together and in the 2 cohorts

Characteristic

All

n = 131, n (%) Patients sampled at diagnosis n = 81, n (%) Patients sampled at relapse n = 50, n (%) OS HR*, n (%)

sCD163 (ng/mL)† 3112 (1223-7611) 3211 (1311-7611) 2963 (1223-6002) 3.8 (1.9-7.5)‡

Dx period 2002-2015 59 (45) 33 (41) 26 (52) ref

2016-2020 72 (55) 48 (59) 24 (48) 0.7 (0.39-1.3)

Age < 70 70 (53) 42 (52) 28 (56) ref

≥70 61 (47) 39 (48) 22 (44) 1.4 (0.83-2.5)

Sex Female 36 (27) 22 (27) 14 (28) ref

Male 95 (73) 59 (73) 36 (72) 1.5 (0.76-3)

ECOG 0-1 83 (97) 77 (96) 6 (100) ref

2-4 3 (3.5) 3 (3.8) 0 (0) 3.7 (0.88-16)

Unknown 45 1 44

MIPI 1 21 (17) 11 (14) 10 (20) ref

2 52 (41) 35 (45) 17 (34) 3.2 (1.0-10.8)

3 54 (43) 31 (40) 23 (46) 4.8 (1.4-15.8)

Unknown 4 4 0

LDH Normal 70 (55) 45 (57) 25 (52) ref

High 57 (45) 34 (43) 23 (48) 2.0 (1.2-3.5)

Unknown 4 2 2

Hb Normal 70 (56) 41 (55) 29 (58) ref

Low 54 (44) 33 (45) 21 (42) 3.3 (1.8-6.3)

Unknown 7 7 0

Ki-67 <30% 27 (39) 14 (45) 13 (34) ref

≥30% 42 (61) 17 (55) 25 (66) 1.7 (0.76-3.6)

Unknown 62 50 12

Histology Classic 52 (76) 27 (84) 25 (69) ref

Blastoid 16 (24) 5 (16) 11 (31) 2.1 (0.9-4.8)

Unknown 63 49 14

p53 or TP53 Low or no mutation 61 (79) 24 (83) 37 (77) ref

High or mutated 16 (21) 5 (17) 11 (23) 2.2 (0.99-4.8)

Unknown 54 52 2

The patients sampled at diagnosis were treated with rituximab (R) and bendamustine (n = 33), the Nordic MCL 2 protocol with induction cytarabine-based chemotherapy and consolidation with high-dose chemotherapy with an autologous
stem cell transplantation (n = 19), ibrutinib (n = 7), R-CHOP (R-cyclophosphamide, doxorubicin, vincristine and prednisone) (n = 3), rituximab only (n = 4), watch and wait (n = 1), or R-cytarabine (n = 1). For 13 patients the treatment was
unknown. Patients from the clinical trial cohort were treated with rituximab, ibrutinib and lenalidomide within the trial. The 6 patients with MCL who relapsed from the Uppsala cohort were previously treated with in median 1 prior treatment (range
1-3), and after inclusion in this study they received bendamustine (n = 2), ibrutinib (n = 1), venetoclax (n = 1), Nordic MCL 2 protocol (n = 1), and cyclophosphamide (n = 1). Three of the patients received ibrutinib and 1 received venetoclax in
later courses.
Univariable Cox PHs for all patients, showing change in OS rate by clinical or biological characteristic compared with its reference value, have been presented.
Boldface indicates statistically significant values.
Dx period, diagnostic period; ECOG, Eastern Cooperative Oncology Group performance status scale; LDH, lactate dehydrogenase; MIPI, mantle cell lymphoma international prognostic index; ref, reference.
*Univariable Cox PHs (95% CI) for OS.
†Median (minimum-maximum); n (col %).
‡HR for OS, sCD163 dichotomized by median.
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Table 2. Frequencies and proportions of clinical and biological factors, by sCD163 below or above median (3112 ng/mL)

sCD163

low

n = 65, n (%)

sCD163

high

n = 66, n (%) P value

Number of events Died 11 (24) 34 (76)

Relapsed 21 (33) 42 (67)

Time of sample Diagnosis 39 (48) 42 (52) .8*

Relapse 26 (52) 24 (48)

Age median (range) 69 (46-85) 67 (45-82) .8†

Sex Female 17 (47) 19 (53) .7*

Male 48 (51) 47 (49)

ECOG 0-1 40 (48) 43 (52) .2‡

2-4 0 (0) 3 (100)

Unknown 25 20

MIPI 1 14 (67) 7 (33) .2*

2 27 (52) 25 (48)

3 23 (43) 31 (57)

Unknown 1 3

LDH Normal 45 (64) 25 (36) <.001*

High 19 (33) 38 (67)

Unknown 1 3

Hb Normal 46 (66) 24 (34) <.001*

Low 15 (28) 39 (72)

Unknown 4 3

Ki-67 <30 13 (48) 14 (52) .7*

≥30 22 (54) 19 (46)

Unknown 30 33

Histology Classic 28 (54) 24 (46) .9*

Blastoid 9 (56) 7 (44)

Unknown 28 35

TP53/p53 Low or no mutation 36 (59) 25 (41) .015‡

High or mutated 4 (25) 25 (75)

Unknown 25 29

High sCD163 was more common in patients with high LDH, low Hb and p53 high/TP53 positive tumors.
ECOG, ECOG performance status scale; LDH, lactate dehydrogenase; MIPI, mantle cell lymphoma international prognostic index.
Data are presented as number (percentage), unless otherwise indicated.
Boldface indicates statistically significant values.
*Pearson χ2 test.
†Wilcoxon rank sum test.
‡Fisher exact test.
CD163 levels in MCL lymphoma tissue were analyzed for associ-
ation with PFS in 29 patients and was confirmed as a poor prog-
nostic marker in a multivariable Cox regression model (HR, 4.0;
95% confidence interval [CI], 1.05-15.16; adjusted for age >70
years, sex, and tissue sample site). Among the 3 cases (10% of the
cohort) with p53 overexpression, a higher frequency of tissue
CD163 was seen than in tumors with no p53 expression (average
value 4.1% positive cells vs 0.9% positive cells; Wilcoxon rank sum
test W = 79; P = .02).

Association between sCD163 and outcome in

univariable analyses

Patients with high sCD163 at diagnosis had shorter PFS and
shorter OS than patients with low sCD163 (log-rank test P = .002
5308 NIKKARINEN et al
and P < .001, respectively) (Figure 3). Patients with low sCD163 at
diagnosis had a 5-year OS of 97% (95% CI, 93-100) whereas the
5-year OS in patients with high sCD163 was 51% (95% CI, 34-
75). In the cohort with patients with MCL who had relapsed, high
sCD163 was also associated with shorter PFS and shorter OS
(log-rank test P = .016 and P = .035) (Figure 3).

Association between sCD163 and outcome in

multivariable analyses

Based on a Cox regression model including all 131 patients,
adjusted for age and sex, and stratified by time of sampling (at
diagnosis or relapse), high sCD163 was associated with shorter
PFS and shorter OS (PFS: HR, 3.13 [95% CI, 1.83-5.36] and OS:
HR, 4.10 [95% CI, 2.06-8.16]). sCD163 as a continuous variable
26 SEPTEMBER 2023 • VOLUME 7, NUMBER 18
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Figure 2. Correlation between sCD163 and CD163 in MCL tumor tissue.

CD163 levels vary between different tissue types as indicated by the difference in the

x-axis.
(100 ng/mL intervals) also showed significant negative prognostic
impact (PFS: HR, 1.04 [95% CI, 1.02-1.05; P < .001]; OS: HR,
1.04 [95% CI, 1.02-1.06; P < .001]).

Information on biological risk factors was available in 57 patients
from the Uppsala and the clinical study cohort. In a fully adjusted
regression model including MIPI, Ki67, histology and p53 status,
high sCD163 was associated with shorter PFS (HR, 3.48; 95% CI,
1.42-8.54) and shorter OS (HR, 4.33; 95% CI, 1.32-14.2), sug-
gesting that sCD163 is an independent risk factor for poor
outcome in patients with MCL (Table 3).
sCD163 levels and treatment

There was no systematic change in sCD163 levels during or after
treatment on a group level (not shown) although variations can be
seen on the individual levels (supplemental Figure 3) and specif-
ically in ibrutinib treated patients (supplemental Figure 4). However,
sCD163 levels measured in remission after treatment completion
identified patients who did not experience progression of disease
within 24 months. No patient with low sCD163 during remission
relapsed within 24 months (Figure 4).
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Defining a clinically significant sCD163 cutoff

To refine the cutoff and provide a clinically useful measurement,
samples taken at diagnosis and relapse were tested separately with
maximally selected rank statistics. In the cohort of newly diagnosed
MCL, the lowest P value for curve separation was found at a
cutoff value of 4033 ng/mL. However, values between 2250 ng/mL
(P = .044) and 4033 ng/mL (P < .0001) were all statistically sig-
nificant with P < .05. Although suggested cutoffs are more flexible for
the cohort with newly diagnosed MCL, the corresponding cutoff in
the cohort with relapsed MCL was 2960 ng/mL (P = .035). For
simplicity, the value was rounded up to the more intuitive number of
3000 ng/mL. In a receiver operating characteristic curve of newly
diagnosed MCL the cutoff 3000 ng/mL resulted in 100% sensitivity
and 67% specificity for 5-year survival. Area under curve was 83%.
Figure 5 shows the prognostic implementation of this cutoff in
patients who were newly diagnosed and those who were relapsed
(log-rank P < .001 for both PFS and OS). Bearing in mind that values
differ among the results of different enzyme-linked immunosorbent
assay kits and we used the human sCD163 Quantikine Kit from R&D
Systems, we propose a cutoff value at 3000 ng/mL to define patients
with MCL who are at high risk.

Discussion

High levels of the soluble M2 macrophage marker sCD163 are
associated with poor prognosis in several malignancies, and our
results show that high sCD163 is also associated with poor
prognosis in MCL. In both newly diagnosed and relapsed MCL,
sCD163 levels above the median correlate with shorter PFS and
OS, independent of other established risk factors. Furthermore, low
levels of sCD163 at diagnosis are associated with a remarkably
good prognosis considering the aggressive nature of MCL, with a
5-year survival of 97%.

Although, to our knowledge, this is the first study investigating
sCD163 in MCL, the correlation of sCD163 levels with MCL
prognosis is in line with the few previous studies of tissue CD163
in MCL conducted using immunohistochemistry7,8 and tran-
scriptomic analysis of CD163 in MCL tissue10 as well as several
studies of sCD163 in other malignancies.12,16-18 High levels of
sCD163 also correlate with poor prognosis in most lymphoma
subtypes21-23 although 1 study did not show prognostic implication
of sCD163 in cHL,27 possibly because of the favorable prognosis
of cHL.

In contrast to some previous studies of patients with DLBCL and
cHL,21,22,28 we did not see any systematic change in sCD163
levels during or after treatment. However, our patients received
varying treatments, and the time of sampling was not standardized
according to the time after start of treatment. In line with our
results, Plattel et al also found inconsistent change in sCD163
levels after treatment of cHL and suggested that sCD163 might be
less useful for response evaluation.29 The fact that sCD163 levels
are prognostic when measured in clinical remission suggests that
levels are related to the immune microenvironment of the individual
rather than solely to the tumor.

We found a moderate correlation (r = 0.64; P = .014) with CD163
levels in MCL regions of lymphoid tissue even with a limited number
of samples. This is in line with the observations reported by Vaja-
vaara et al who found a weak to moderate correlation between
SOLUBLE CD163 IN MANTLE CELL LYMPHOMA 5309
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Figure 3. Kaplan-Meier curves showing prognostic impact of sCD163 levels in the 2 cohorts. Probability of (A) PFS and (B) OS by sCD163 level (dichotomized by

median level 3211 ng/mL) in patients newly diagnosed with MCL. Five-year OS was 97% vs 51% in patients with low sCD163 vs high sCD163. (C) probability of PFS and (D)

Probability of OS by sCD163 level (dichotomized by median level 2963 ng/mL) in patients with relapsed MCL.
sCD163 and CD163 levels in DLBCL lymph nodes (r = 0.43;
P = .005). The CD163 levels in bone marrow are generally higher
than in lymph nodes, and different types of tissues need to be
analyzed separately. The moderate correlation might be because of
the relatively low number of matching tissue samples, as well as the
fact that soluble CD163 represents all sCD163 shredding mac-
rophages in the patient, whereas tissue levels are evaluated within
the tumor only. The prognostic impact of soluble CD163 is similar
to what was found for tissue CD163 by Rodrigues et al (HR, 2.83;
95% CI, 1.25-6.42, evaluating time to progression, adjusted for
age and sex).7 Soluble CD163 however, has the advantage of
being easily accessible through a blood sample, and it is also better
at identifying patients with very good prognosis.

The correlation with p53 abnormality is interesting because genomic
alteration in TP53 is one of the strongest risk factors inMCL, and drugs
targeting the microenvironment could be a treatment option for these
aggressive cases. Izquierdo et al recently proposed that extracellular
vesicles from TP53-mutated tumor cells mediate suppression of
macrophage phagocytic activity,30 possibly re-educating M1 macro-
phages intomacrophages ofM2 type. Their results are supported by an
in vitro study showing polarization of macrophages by secretome from
p53-positive hepatocytes.31 Although M1 macrophages were not
5310 NIKKARINEN et al
investigated in this study, this would be consistent with our previous
work in which p53-positive tumors tended to be more common among
CD163 high cases than inCD163 low cases (20%vs 8%p53-positive
cases; P = .06 from Pearson χ2 test), as well as our current results
indicating that both CD163 and sCD163 are higher in patients with
p53 aberrations.

Several established treatments affect M2 TAMs, some of the most
successful being BTK inhibitors. In addition to blocking the BTK
signaling pathway in MCL cells, BTK inhibitor ibrutinib shifts T cells
toward the more therapeutically effective Th1 subset, disrupts
communication between tumor cells and TAMs,3 and acts syner-
gistically with monoclonal antibodies via JAK2 inhibition.32 Another
active drug against MCL, lenalidomide, inhibits MCL cell growth by
repressing macrophage recruitment.4 It also downregulates regu-
latory T cells and TAMs whereas it enhances antibody–dependent
cellular cytotoxicity.5 sCD163 shows prognostic implications both
in patients treated with chemotherapy and with BTK inhibitors.
Newer immunomodulatory treatments, such as chimeric antigen
receptor T cells and bispecific antibodies have also shown prom-
ising results in MCL,33,34 and different combinations of treatments
that enhance antigen presentation and phagocytosis by TAMs are
currently being tested to improve the efficacy of T-cell therapies.13
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Table 3. Cox PHs (95% CI) for OS and PFS

n sCD163 high P sCD163 continuously P

OS a 131 3.79 (1.91-7.48) <.001 1.04 (1.02-1.06) <.001

b 131 4.10 (2.06-8.16) <.001 1.04 (1.02-1.06) <.001

c 57 4.33 (1.32-14.2) .016 1.04 (0.996-1.08) .075

PFS a 131 2.73 (1.16-4.62) <.001 1.04 (1.02-1.05) <.001

b 131 3.13 (1.83-5.36) <.001 1.04 (1.02-1.05) <.001

c 57 3.48 (1.42-8.54) .006 1.04 (1.003-1.07) .034

The prognostic value of sCD163 is shown dichotomized at median level of sCD163
(3112 ng/mL) and as a continuous variable at intervals of 100 ng/mL. The model is stratified
by time of sampling (at diagnosis or at relapse) and adjusted for: (a) univariable (b) age ≥ 70
years, sex. (c) MIPI, Ki-67 ≥30%, blastoid histology and presence of p53 overexpression or
TP53 mutation. Model (c) is based on the population-based cohort from Uppsala and the
clinical study cohort.
Boldface indicates statistically significant values.
MIPI, mantle cell lymphoma international prognostic index.
There is also increasing interest in the CD163 receptor itself as a
novel target for immunotherapy, for example the depletion of
CD163+ cells using monoclonal antibodies or antibody-drug con-
jugates, as well as the reprogramming of M2 to M1 by STAT3
inhibition and the delivery of glucocorticoids directly to CD163+

TAMs with dexamethasone-antibody conjugates.12 We hypothe-
size that these strategies are also worth further investigation in
MCL.

The range of sCD163 levels in healthy individuals reported is wide
(700-3900 ng/mL). Several factors can influence sCD163 levels,
5000

4000

3000

sC
D1

63
 (n

g/
m

l)

2000

No POD24 POD24

Sample in complete remission

Figure 4. sCD163 level in remission predicts progression of disease within

24 months. Samples were taken when patients were in remission after treatment and

values are shown by outcome 24 months later. No patient with low sCD163 in

remission relapsed within 24 months. POD24 is calculated from the time of each

sample. Intercept line at median value for all patients (3112 ng/mL). POD24,

progression of disease within 24 months.
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Figure 5. Prognostic value of the cutoff suggested for clinical

implementation. Kaplan-Meier showing risk stratification based on clinically

suggested cutoff at 3000 ng/mL for both pateints who were newly diagnosed with

MCL and those who relapsed. (A) PFS (HR, 2.4; 95% CI, 1.4-4.1). (B) OS (HR, 3.1;

95% CI, 1.6-6.1).
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such as infection, inflammation (both chronic and acute), liver
disease, and corticosteroid treatment.14 Levels also vary
depending on what laboratory kit is used and standardization
among laboratories is needed. Vajavaara et al used the same kit
from R&D Systems in DLBCL and found prognostic implications
with the median value of 2950 ng/mL (range, 870-30 000), which
is very close to our results as we suggest a cutoff value of
3000 ng/mL for both diagnostic and relapsed MCL. Patients
treated with immunochemotherapy as well as with targeted
treatments with a sCD163 value >3000 ng/mL should be
considered to have a high risk of progression or relapse and
subsequent death.

Summary, significance, or implication

The results from this study further enhance the important role of
M2-like macrophages in MCL. The emerging treatments directed
toward these macrophages are of interest for patients with MCL
SOLUBLE CD163 IN MANTLE CELL LYMPHOMA 5311



with high sCD163. We propose that sCD163 could be used as a
prognostic marker in both newly diagnosed and relapsed MCL,
perhaps supporting clinicians in de-escalating treatment in older or
fragile patients with low sCD163. It could also be an easily
accessible biomarker used together with TP53 or blastoid or
pleomorphic histology when selecting patients for more intense
treatment.
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