Prognostic impact of soluble CD163 in patients with
diffuse large B-cell lymphoma

We assessed the clinical utility of soluble CD163
(sCD163) in patients with diffuse large B-cell lymphoma
(DLBCL), by measuring sCD163 levels prior to, during
and after treatment in two independent cohorts. Our
results demonstrate that pre-treatment sCD163 levels
decrease in response to therapy and, if elevated, predict
an unfavorable outcome. The findings suggest that
sCD163 represents a useful and easily assessable bio-
marker for therapeutic monitoring in DLBCL.

Although the combination of rituximab with
chemotherapy has revolutionized treatment in DLBCL,’
approximately 20-30% of patients relapse with a dismal
survival.” International Prognostic Index-based classifica-
tions are used to predict outcomes,’ but the composition
of the tumor microenvironment has also been recognized
to have prognostic impact on survival. Macrophages
infiltrating into the tumor microenvironment are usually
polarized as tumor-associated macrophages (TAM),
which strongly express CD163,° and CD163 expression
in the tumor microenvironment is regarded as a marker
of TAM. Elevated levels of CD163 ectodomain, a
sCD163, have been detected in serum, and associated
with adverse outcome in lymphoid malignancies.5’
While TAM content predicts survival in DLBCL*® the
clinical relevance of sCD163 is unknown.

We examined the clinical utility of sCD163 in two
independent cohorts of patients with DLBCL to gain fur-
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ther understanding of the biological role of macrophages
during the clinical course of DLBCL. A prospective clini-
cal trial cohort and a population-based cohort were used
to reach generalizable results.

The trial cohort included patients <65 years with high-
risk DLBCL treated with dose-dense immunochemother-
apy in the Nordic NLG-LBC-05 phase II trial.” Available
samples included 119 pre-treatment and 94 paired mid-
treatment samples. Samples from five healthy volunteers
formed a control group. The trial was registered at
www. ClinicalTrials.gov as NCT01325194. All patients gave
written informed consent to the study. The Institutional
Review Boards, National Medical Agencies, and Ethics
Committees in Finland, Norway, Denmark, and Sweden
approved the protocol and sampling.

The population-based cohort was obtained from the
Swedish biobank U-CAN" and included 125 pre-treat-
ment samples collected between 2010 and 2016.
Available paired samples included 30 mid-treatment sam-
ples, 71 post-treatment samples from patients in com-
plete remission, and 11 samples taken during primary
progressive or relapsing disease. A majority of the
patients (93%) were treated with rituximab plus
cyclophosphamide, doxorubicin, vincristine, prednisone
(R-CHOP)-based therapy. Complete remission was
defined in clinical routine. All patients gave written
informed biobank consent. The study was approved by
the Regional Board of the Ethical Committee in Uppsala,
Sweden.

In the trial cohort, sCD163 was measured using a
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Figure 1. sCD163 levels in two cohorts and correlation between pre-treatment sCD163 levels, CD163* tumor-associated macrophages and
CD163 mRNA levels in the trial cohort. (A) Comparison of sCD163 levels in pre-treatment and mid-treatment samples (after three courses)
in the trial cohort, and in healthy volunteers. (B) sCD163 levels in pre-treatment samples compared to those in paired mid-treatment sam-
ples and paired post-treatment samples from patients in complete remission, and at primary progressive or relapsing disease in the popu-
lation-based cohort. For graphical reasons the two extreme outliers with pre-treatment sCD163 levels over 11,000 ng/mL are not shown in
the figure, but are included in the statistical analyses. (C) Correlation of pre-treatment sCD163 levels and CD163" tumor-associated
macrophages (TAM) in the tumor tissue in the trial cohort. (D) Correlation of pre-treatment sCD163 levels and CD163 gene expression levels
from the matching tumor tissue in the trial cohort.

-m haematologica | 2021; 106(9) I




Letters to the Editor -

(ELISA; R&D Systems, Minneapolis, MN, USA). In the samples were measured with NanoString nCounter
population-based cohort, levels were measured as previ-  (Nanostring Technologies, Seattle, WA, USA)."
ously described.5 Measurements were performed inde-  Proportions of CD163" cells in 41 tumor samples were
pendently in different laboratories. The median pre-treat-  analyzed by multiplex immunohistochemistry' (Online
ment sCD163 values in the respective cohorts were  Supplementary Figure S1A, B). Blood monocyte counts
defined a priori as a cutoff for testing prognostic implica- ~ were available for 103 patients.
tions. Statistical analyses were performed with IBM SPSS
In the trial cohort, CD163 mRNA levels in 54 tumor  Statistics v.25.0 (IBM, Armonk, NY, USA) and STATA/IC

Table 1. The characteristics of all patients and patients divided by sCD163 pre-treatment levels above and below the median.

Total 119 (100) 59 (50) 60 (50) 125 (100) 62 (50) 63 (50)
Median sCD163 (ng/mL) 1160 (370-3621) 789 1707 2950 (870-30000) 2050 4610
Median age 56 (21-65) 57 (21-65) 55 (22-64) 67 (26-87) 64 (26-85) 69 (30-87)
Age
<60 years 78 (65) 37 (63) 41 (68) 0.519 36 (29) 23 (37) 13 21) 0.126
6065 years 41 (35) 22 (37) 19 (32) 20 (16) 9 (15) 11 (17)
>65 years 0 (0) 0 (0) 0 (0) 69 (55) 30 (48) 39 (62)
Gender
Male 74 (62) 31 (53) 43 (72) 0.031 70 (56) 36 (58) 34 (54) 0.644
Female 45 (38) 28 (47) 17 (28) 55 (44) 26 (42) 29 (46)
ECOG PS
0-1 83 (70) 42 (1) 41 (68) 0.735 112 (90) 58 (94) 54 (86) 0.095
2-3 36 (30) 17 (29) 19 (32) 10 (8) 2(3) 8 (13)
Missing 0 (0) 0 (0) 0 (0) 3Q) 2(3) 1(2)
Stage
1-2 7(6) 509) 2(3) 0.233 57 (46) 39 (63) 18 (29)  <0.001
3-4 112 (94) 54 (91) 58 (97) 68 (54) 23 37 45 (1)
aalPl score
0-1 9(7) 4(7) 509 0.842* 72 (58) 42 (68) 30 (48)  0.042°
2 71 (60) 36 (61) 35 (58) 28 (22) 10 (16) 18 (29)
3 39 (33) 19 (32) 20 (33) 7(6) 2(3) 5(8)
Missing 0 (0) 0 (0) 0 (0) 18 (14) 8 (13) 10 (16)
LDH
<ULN 10 (8) 6 (10) 4(7) 0.491 73 (59) 43 (69) 30 (48) 0.009
> ULN 109 (92) 53 (90) 56 (93) 49 (39) 17 (28) 32 (51)
Missing 0(0) 0(0) 0(0) 3Q2) 2(3) 1 (D
Subtype
DLBCL NOS
GCB 48 (40) 32 (54) 16 (27) 0.004¢ 50 (40) 27 (43) 23 (37) 0.321¢
non-GCB 37 (31) 13 (22) 24 (40) 37 (30) 16 (26) 21 (33)
ND 16 (14) 7(12) 9 (15) 31 (25) 16 (26) 15 (24)
Other 18 (15) 7(12) 11 (18) 70) 3() 4 (6)
Response
CR 89 (75) 42 (12) 47 (78) 0.315 107 (86) 57 (92) 50 (79) 0.013
PR 21 (18) 13 (22) 8 (13) 9(N 5(8) 4 (6)
PD 4(3) 1(2) 30) 6(5) 0 (0) 6 (10)
NA 51 3(5) 2(3) 3(Q2) 0(0) 3(5)

The patients’characteristics are shown, according to sCD163 pre-treatment levels, in the trial cohort and in a population-based cohort. ECOG PS: Eastern Cooperative Oncology
Group performance status; aalPI: age-adjusted International Prognostic Index; LDH: lactate dehydrogenase; ULN: upper limit of normal; DLBCL NOS: diffuse large B-cell lym-
phoma not otherwise specified; GCB: germinal center B-cell like; ND: not determined; CR: complete response; PR: partial response; PD: progressive disease; NA: not available.
aComparison between aalPI score 2 and 3.*Comparison between aalPl score 0-1 and 2.“Comparison between GCB and non-GCB.
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Figure 2. Association of survival outcomes with pre-treatment sCD163 levels. (A) Overall survival (OS) and (B) progression-free survival
(PFS) according to pre-treatment sCD163 level (< vs. > median, 1,160 ng/mL) in the trial cohort. (C) OS and (D) PFS according to pre-treat-
ment sCD163 level (< vs. 2 median, 2,950 mg/mL) in the population-based cohort.

12.1 (StataCorp LP, Texas, TX, USA). The Wilcoxon
signed ranks test was used to evaluate changes in
sCD163 levels during treatment. The Mann-Whitney U-
test was used to compare sCD163 levels between patient
and control groups. Spearman rank analysis was used in
correlation analyses. The ¥’ test and the Fisher-Freeman-
Halton test were used to evaluate differences in frequen-
cy of prognostic factors. The Kaplan-Meier method was
used to estimate differences in outcome between the
subgroups. The degree of significance was calculated
using a log-rank test. Cox regression analysis (with 95%
confidence intervals [95% CI]) was used and adjusted for
gender and the variables in the International Prognostic
Index, and in the trial cohort also for molecular subtype.
P-values <0.05 were considered statistically significant.
All statistical tests were two-tailed.

The baseline characteristics of the patients in the trial
cohort are presented in Table 1. The median follow-up
for the patients alive was 61 months (range, 40-87). In
total, 16 (13%) patients died and 18 (15%) relapsed dur-
ing follow-up. Five-year overall survival and progression-
free survival rates were 87 % and 83%, respectively. Pre-
treatment sCD163 levels were higher in these patients
than in healthy volunteers (median 1,160 ng/mL [range,
370-3,621] vs. 437 ng/mL [range, 220-518]; P<0.001), and
higher in the subgroup with non-germinal center B-cell
like (non-GCB) lymphoma than in the GCB subgroup
(Table 1, Online Supplementary Figure S1C), declining in
response to therapy (median 975 ng/mL [range, 299-

1,923], P<0.001) (Figure 1A, Ounline Supplementary Figure
S1E, G). Pre-treatment sCD163 levels correlated with
CD163* TAM (Figure 1C) and with CD163 mRNA levels
(Figure 1D), whereas no correlation was found with
blood monocyte counts (p=0.0, P=1.00). High pre-treat-
ment sCD163 levels (above the median) translated into
poor outcome (Figure 2A, B). Relative risks of death and
progression were, respectively, 3.4-fold (95% CI: 1.12-
10.51, P=0.031) and 2.7-fold (95% CI: 1.05-6.94, P=0.04)
higher. In Cox regression analysis including International
Prognostic Index factors, gender and molecular subtype,
sCD163 remained the only significant prognostic factor
for progression-free survival (hazard ratio [HR]=4.40,
95% CI: 1.09-17.83; P=0.038) (Online Supplementary Table
S1). A similar trend was seen for poor overall survival
(HR=5.08, 95% CI: 0.98-26.39; P=0.053) (Ounline
Supplementary Table S1). The mean pre-treatment
sCD163 levels in patients stratified by their later
response to therapy are presented in Ounline
Supplementary Figure S11.

The baseline characteristics of the population-based
cohort are presented in Table 1. During a median follow-
up of 40 months (range, 0-94), 42 (34%) patients died
and 29 (23%) relapsed. The estimated 5-year overall and
progression-free survival rates were 65% and 57%,
respectively. The median pre-treatment sCD163 level
was 2,950 ng/mL (range, 870-30,000 ng/mL). All cases
later developing progressive disease had a diagnostic
sCD163 value above the median (Table 1). Pre-treatment
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levels did not differ according to subtype (Online
Supplementary Figure S1D). In the 71 patients with paired
pre-treatment and post-treatment samples in complete
response, sCD163 levels declined significantly (median
2,510 ng/mL [range 870-30,000] to 2,120 ng/mL [range
670-5,000], P=0.018) (Figure 1B, Owuline Supplementary
Figure S1F). In 30 patients with paired pre- and mid-treat-
ment samples, levels also declined, although not statisti-
cally significantly (Figure 1B, Online Supplementary Figure
S1E H). sCD163 levels in 11 patients with primary pro-
gressive or relapsing disease did not differ from the paired
pre-treatment levels (Figure 1B). The distribution of pre-
treatment sCD163 levels in groups of patients stratified
by their later response to treatment are presented in
Online Supplementary Figure S1].

The outcomes in the subgroup with pre-treatment
sCD163 levels above the median were worse than those
with levels below the median (Figure 2C, D). The relative
risks of death and progression were, respectively, 2.2-fold
(95% CI: 0.99-4.94; P=0.052) and 2.2-fold (95% CI: 1.05-
4.48; P=0.037) higher. In Cox regression analysis,
sCD163 remained an independent prognostic factor for
poor progression-free survival (HR=2.16, 95% CI: 1.05-
4.48; P=0.037) (Online Supplementary Table S2) together
with age, poor performance status, elevated lactate dehy-
drogenase concentration and male gender. A similar
trend was seen for poor overall survival (HR=2.21, 95%
CI: 0.99-4.94, P=0.052) (Online Supplementary Table S2).

Taken together, we measured sCD163 levels in two
independent DLBCL cohorts. Pre-treatment sCD163 lev-
els correlated with CD163* TAM and CD163 mRNA lev-
els in the lymphoma tissue, while no correlation with
monocyte counts was seen, suggesting that circulating
sCD163 predominantly arises from the lymphoma tissue
and that the elevated levels reflect host response to an
aggressive lymphoma presentation. Pre-treatment
sCD163 levels were elevated compared to those in
healthy controls, and high levels were associated with
unfavorable outcomes. We observed a decline in sCD163
levels in response to therapy, which in turn suggests that
sCD163 could be used as a disease response biomarker in
DLBCL. Similar observations have been previously made
in chronic lymphocytic leukemia and multiple myelo-
ma.%” The few samples at relapse prevented us from
drawing firm conclusions, but the levels seemed in line
with diagnostic values.

The two different ELISA methods implemented in the
cohorts have been compared in the past and their results
showed a strong correlation (r’=0.97), but a systematic
bias due to different calibration levels.”? This likely
explains the difference in sCD163 levels between the
two subsets, with higher levels observed in the popula-
tion-based cohort even though the trial cohort had a larg-
er number of patients with advanced disease. Another
contributing factor may be the larger number of patients
>60 years in the population-based cohort.

An advantage of sCD163 as a potential biomarker is its
stability in plasma, simplifying sample collection and
handling."” While absolute levels might differ between
individuals for reasons other than tumor burden, levels
could also be used as a patient-specific measure of
response, indicated by declining levels in patients achiev-
ing complete remission. Indeed, the intraindividual bio-
logical variation in sCD163 is low, supporting the use of
sCD163 for monitoring.”> While several prognostic fac-
tors are already used in clinical routine, disease monitor-
ing tools in DLBCL are less common. Interim fluo-
rodeoxyglucose positron emission tomography/comput-
ed tomography'” and down-modulation of circulating

tumor DNA' are useful and promising for disease moni-
toring, but the impact of host-related factors such as the
tumor microenvironment should not be ignored.

Our results show that sCD163 is an indicator of biolog-
ically aggressive DLBCL. The findings were similar in
two independent cohorts despite differences in clinical
variables, implying that the prognostic impact of sCD163
is not limited to a particular population of patients.
Therefore, these results suggest that sCD163 represents a
useful and easily assessable biomarker for therapeutic
monitoring of patients with DLBCL.
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