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A B S T R A C T

Background. Prior work has shown that urinary soluble
CD163 (usCD163) displays excellent biomarker characteristics
for detection of active renal vasculitis using samples that in-
cluded new diagnoses with highly active renal disease. This
study focused on the use of usCD163 in the detection of the
more clinically relevant state of mild renal flare and compared
results of usCD163 testing directly to testing of urinary mono-
cyte chemoattractant protein-1 (uMCP-1).
Methods. Patients with anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV, n¼ 88) were identified
within a serially sampled, longitudinal and multicentre cohort.
Creatinine-normalized usCD163 and uMCP-1 levels were mea-
sured by enzyme-linked immunosorbent assay and, both alone
and in combination, were compared between times of active re-
nal AAV and during remission and/or active non-renal AAV.
Results. Samples from 320 study visits included times of active
renal vasculitis (n¼ 39), remission (n¼ 233) and active
extrarenal vasculitis (n¼ 48). Median creatinine levels were
0.9 mg/dL [interquartile range (IQR) 0.8–1.2] in remission and
1.4 mg/dL (IQR 1.0–1.8) during renal flare. usCD163 levels
were higher in patients with active renal vasculitis compared
with patients in remission and those with active extrarenal vas-
culitis, with median values of 162 ng/mmol (IQR 79–337), 44
(17–104) and 38 (7–76), respectively (P< 0.001). uMCP-1

levels were also higher in patients with active renal vasculitis
compared with patients in remission and those with active
extrarenal vasculitis, with median values of 10.6 pg/mmol (IQR
4.6–23.5), 4.1 (2.5–8.4) and 4.1 (1.9–6.8), respectively
(P< 0.001). The proposed diagnostic cut-points for usCD163
and uMCP-1 were 72.9 ng/mmol and 10.0 pg/mmol, respec-
tively. usCD163 and uMCP-1 levels were marginally correlated
(r2¼ 0.11, P< 0.001). Combining novel and existing bio-
markers using recursive tree partitioning indicated that elevated
usCD163 plus either elevated uMCP-1 or new/worse protein-
uria improved the positive likelihood ratio (PLR) of active renal
vasculitis to 19.2.
Conclusion. A combination of usCD163 and uMCP-1 meas-
urements appears to be useful in identifying the diagnosis of
subtle renal vasculitis flare.
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I N T R O D U C T I O N

Anti-neutrophil cytoplasm antibody (ANCA)-associated vascu-
litis (AAV) is frequently characterized by the presence of glo-
merulonephritis. This glomerular inflammation may progress
to cause necrotizing lesions associated with crescents,
macrophage-rich inflammatory infiltrates associated with glo-
merular destruction and rapid loss of kidney function [1–3].
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AAV is a chronic relapsing and remitting autoimmune disease
that is often treated with intense immunosuppression, leaving
patients open to adverse events such as infection that may cause
more harm than the underlying disease itself [4].

We have previously demonstrated that active glomerulone-
phritis in the context of small-vessel vasculitis can be identified
by measuring the level of the protein soluble CD163 (sCD163)
in the urine [5, 6]. This protein is expressed on the surface of
macrophages and is cleaved from the cell surface by the action
of a disintegrin and metalloprotease domain 17 (ADAM17)/tu-
mour necrosis factor (TNF)-a-converting enzyme (TACE) [7].
Relatively high levels of sCD163 can be found in the serum, par-
ticularly in macrophage-rich diseases such as macrophage acti-
vation syndrome and various forms of liver disease [8]. When
the protein is cleaved from glomerular macrophages it appears
in the urine, where it shows potential as a biomarker to identify
patients with active glomerular inflammation.

Our prior work was performed in patients with both AAV
and anti-glomerular basement membrane disease [5], and other
work shows high urine levels of sCD163 in patients with active
lupus nephritis [9]. Most patients studied thus far were sampled
at the time of diagnosis, when disease was severe and there was
little doubt about the presence of active glomerulonephritis
based on existing clinical parameters. The unmet need for clini-
cal biomarkers in AAV is in identifying patients with a prior
confirmed diagnosis who may be suffering a flare of vasculitis in
the kidney. Unless there is overt rapidly progressive glomerulo-
nephritis with marked loss of kidney function, the diagnosis is
often difficult, with a broad differential diagnosis and frequent
requirement for kidney biopsy. For example, dipstick positive
haematuria and proteinuria, while useful in patients at the onset
of disease, remain elevated for a median of 448 and 346 days, re-
spectively, after diagnosis of AAV [10], thereby reducing their
utility as discriminators of active glomerular inflammation.

Tam et al. [11] previously showed potential utility for uri-
nary monocyte chemoattractant protein-1 (uMCP-1) in active
renal vasculitis, with some indication that the levels fall in re-
mission [11]. This biomarker is currently being used as a sec-
ondary outcome measure in clinical trials (https://clinicaltrials.
gov/ct2/show/NCT02222155), although it has not entered rou-
tine clinical practice. Therefore, to address this clinical unmet
need, we sought to test the utility of sCD163 and MCP-1, or a
combination of the two, to diagnose subtle flares of renal vascu-
litis. The Vasculitis Clinical Research Consortium (VCRC) has
access to a rich longitudinal clinical and biological sample set,
including patients suffering from a wide range of levels of renal
disease in AAV. We used this unique resource to determine
sCD163 and MCP-1 biomarker characteristics in this setting
and to explore ways in which they could be integrated with
existing clinical biomarkers to maximize utility for the identifi-
cation of patients with mild flares of renal vasculitis.

M A T E R I A L S A N D M E T H O D S

Patients and clinical data collection

Patients were enrolled in the VCRC longitudinal study of
patients with granulomatosis with polyangiitis (GPA),

microscopic polyangiitis (MPA) or eosinophilic granulomatosis
with polyangiitis (EGPA) from eight referral centres in the USA
and Canada. All patients were enrolled using protocols ap-
proved by the institutional review boards or ethics committees
of all participating sites and written informed consent docu-
ments were obtained in keeping with the Declaration of
Helsinki. All enrolled patients met the American College of
Rheumatology (ACR) criteria for GPA modified to include
ANCA or the Chapel Hill Consensus Conference definition of
MPA or the ACR Classification Criteria for EGPA (adapted so
that biopsy proof of small-vessel vasculitis was not required).
Clinical data, including measures of disease activity and immu-
nosuppression, were collected on a quarterly or annual basis.
We identified patients with a visit associated with a flare of
AAV (either renal or non-renal) and targeted for analysis up to
two encounters during remission both before and after the flare
visit. We also included patients initially presenting with renal
vasculitis but with only remission encounters thereafter.

Measures of vasculitis disease activity

Information on specific manifestations of vasculitis was
recorded using the Birmingham Vasculitis Activity for Wegener’s
Granulomatosis Score (BVAS/WG) [12], urinalysis for blood and
protein, red blood cell (RBC) casts, C-reactive protein (CRP) and
serum creatinine [13]. Active renal disease was determined by the
physician-investigator and was informed by the presence of new
or worse haematuria, new or worse proteinuria, urinary RBC
casts and/or an increase in serum creatinine >30% (interpreted
by the clinician as being due to active vasculitis).

Collection and storage of urine samples

Urine was collected by the patients in sterile cups and ali-
quoted without further manipulation, frozen at –80�C at each
participating clinical site, shipped on dry ice to the VCRC speci-
men repository and stored at�80�C until used for this study.

Clinical laboratory tests

Serum creatinine and urinalyses (dipstick and microscopy)
were performed in Clinical Laboratory Improvement
Amendments–approved laboratories at the clinical sites per
standard practice for collection and processing of outpatient
specimens. Results of dipstick and microscopic urinalyses were
recorded in the VCRC database as positive or negative (without
further quantification) for blood, protein, RBCs and RBC casts.
RBCs and RBC casts could also be noted as positive based on
examination by the investigator or a nephrologist colleague at
the time of the patient visit, but such an examination was not
required. It was not recorded whether assessment for RBCs or
casts was made by the clinical laboratory or the investigator.
The presence or absence of dysmorphic RBCs was not recorded.
Glomerular filtration rate (GFR; mL/min/1.73 m2 body surface
area) was calculated from serum creatinine using the
Modification of Diet in Renal Disease formula [14].

Urinary biomarker assays

sCD163 is produced following inflammatory cleavage from
the surface of glomerular macrophages, whereas MCP-1 is
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derived from intrinsic renal cells in response to inflammatory
stimuli and results in recruitment of monocytes. As these are
discrete elements in the process of renal macrophage accumula-
tion, we were interested in determining whether the pattern of
urinary excretion was different and whether urinary soluble
CD163 (usCD163) could identify cases mischaracterized by
uMCP-1 and vice versa. We addressed the following experi-
mental questions:

1. Does usCD163 aid in the detection of renal vasculitis flare?
2. Does measurement of uMCP-1 aid in the diagnosis of

renal flare, either alone or in combination with usCD163?

usCD163 was measured by commercially available enzyme-
linked immunosorbent assay (ELISA) (Duoset DY1607; R&D
Systems, Minneapolis, MN, USA) at a 1:4 dilution [5]. MCP-1
was measured by commercially available ELISA (Duoset
DY279; R&D SYstems) at a 1:5 dilution [11]. Urine creatinine
and protein were measured by a Cobas Creatinine Plus
(0566127) and Total Protein (11877801) modules (Roche,
Rotkreuz, Switzerland), respectively. Urine biomarker values
were normalized to urine creatinine. As any new biomarker will
not be likely be used in isolation from existing best practice, we
tested both usCD163 and uMCP-1 in combination with new
haematuria, creatinine increase, CRP and new proteinuria. To
identify the optimal combination of tests, we used unbiased re-
cursive partitioning to generate a combination of markers that
maximized specificity, that is, to ‘rule out’ the presence of active
renal vasculitis.

Statistical methodology

Clinical, laboratory data and ELISA results were analysed
using GraphPad Prism version 6 (GraphPad Software, La Jolla,
CA, USA). Biomarker values were non-normally distributed
and are thus reported as median and interquartile range (IQR).
Kruskal–Wallis and Mann–Whitney U tests were used to deter-
mine the significance of associations. Correlations were mea-
sured using the Spearman correlation coefficient. Decision tree
and optimal cut-off ranges were performed using R Studio ver-
sion 0.99.902 (RStudio, Boston, MA, USA). Rpart and party
packages were used [15, 16]. To generate receiver operating
characteristics (ROC) curves and determine the best cut-points
we used the OptimalCutpoints package. The Youden calcula-
tion [17] was selected to maximize the sum of sensitivity and
specificity; other methods include MaxSp (to maximize specif-
icity), MaxSe (to maximize sensitivity), MaxProdSpSe (to maxi-
mize the product of specificity and sensitivity) and SpEqualSe
(using criterion of equality of sensitivity and specificity), but the
Youden calculation yielded the most clinically relevant cut-off
values. Decision trees were generated using the rpart package
and included the clinical variables new/worse proteinuria, new/
worse haematuria, serum creatinine, CRP, age and sex, in addi-
tion to the biomarkers of interest, usCD163 and uMCP-1.
These clinical variables were included in the decision tree irre-
spective of whether or not they were recorded as an active
BVAS/WG item. To confirm that the association of usCD163
and uMCP-1 with active renal vasculitis remained robust after
taking into account the intra-individual repeated measures
employed in this study, the transformed trajectories of CD163

were modelled using mixed effects models. For this purpose,
the group with active renal disease was compared with all other
groups combined. Within-patient errors were modelled as lon-
gitudinal using an autoregressive correlation structure (Order
1). The autocorrelation parameter was estimated. This parame-
ter can be thought of as a measure of memory, with a value of
zero corresponding to the more usual assumption of indepen-
dent errors. Model fitting was carried out using the nlme pack-
age in R. To quantify the performance of the regression tree
outputs in three different prevalence scenarios we used the for-
mula P1¼ (LR�P0)/(1� P0þ LR� P0), where P0 is pre-test
probability and P1 is post-test probability. The three scenarios
were (i) high probability of stable remission (P0¼ 5%), (ii) clear
extra-renal flare with some urinary abnormalities (P0¼ 40%)
and (iii) high probability renal flare (P0¼ 70%).

R E S U L T S

Both usCD163 and uMCP-1 are elevated in the presence
of active renal flare

Urine and clinical data were obtained at 320 clinical encoun-
ters from 88 patients, with active renal disease present in 39
(12.2%) of the encounters (Tables 1 and 2). These encounters
were characterized as follows: (i) patients with renal flare
(n¼ 39) and remission encounters selected from either before
or after the renal flare visit (n¼ 116 in 39 patients); (ii) patients
with non-renal flare (n¼ 48) and remission encounters
(n¼ 106 in 48 patients) selected from before or after this flare
encounter and (iii) patients with remission encounters only,
having presented with renal vasculitis at diagnosis (n¼ 10).

The study population included many patients with GPA
(82.9% of total study population) with minimal kidney impair-
ment. Renal flares were often subtle, as indicated by median cre-
atinine levels in remission and during renal flare of 0.9 mg/dL
(IQR 0.8–1.2) and 1.4 (1.0–1.8), respectively. usCD163 levels
were higher in patients with active renal vasculitis compared
with patients in remission and those with active extra-renal vas-
culitis, with median values of 162 ng/mmol (IQR 79–337), 44
(17–104) and 38 (7–76), respectively (P< 0.001) (Figure 1A).
The area under the ROC curve for distinguishing patients with
active renal flare from those without active renal vasculitis was
0.794 (Figure 1B). uMCP-1 levels were also higher in patients
with active renal vasculitis compared with patients in remission
and those with active extra-renal vasculitis, with median values
of 10.6 (IQR 4.6–23.5), 4.1 pg/mmol (2.5–8.4) and 4.1 (1.9–6.8)
(P< 0.001), respectively (Figure 1C). The area under the re-
spective ROC curve was 0.687 (Figure 1D). The proposed diag-
nostic cut-points in this setting for usCD163 and uMCP-1 were
72.9 ng/mmol and 10.0 pg/mmol, respectively (Table 3). The
correlation between usCD163 and uMCP-1 was weakly positive
(r2 ¼ 0.11, P< 0.001; Figure 2A). There was also a weak corre-
lation of each parameter with the urine protein excretion rate
(r2 ¼ 0.02, P< 0.001 for usCD163 and r2¼ 0.14, P< 0.001 for
uMCP-1; Figure 2B and C).
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Modelling of longitudinal usCD163 and uMCP-1 values
against disease activity

The serial measurements of usCD163 and uMCP-1 are
depicted in Figure 3. To validate the association between
usCD163 and uMCP-1 levels and active renal vasculitis, while
taking into account the intra-individual repeated measures in
the study dataset, we generated and fitted a mixed effects model
that incorporated both clinical covariates and accounted for the
serial nature of the measurements. This demonstrated that the
only parameters significantly associated with the presence of
active renal flare were usCD163 and uMCP-1 (Table 4). This
confirmed that the presence of active renal flare was a signifi-
cant determining factor in observing elevated usCD163 and
uMCP-1 levels (Table 4).

Combining usCD163 and uMCP-1 with existing
biomarkers improves diagnostic fidelity

To determine whether combining the two biomarkers
enhances diagnostic fidelity we generated a recursive partition-
ing tree that sought to maximize the distinction between ‘active

renal vasculitis’ and ‘no active renal vasculitis’ by sequentially
adding parameters that improved prediction. In addition to
usCD163 and uMCP-1, we included new-/worse-onset protein-
uria, new/worse haematuria, CRP and an increase in creatinine
level in the model. This was an attempt to place the novel bio-
markers within the context of existing clinical approaches for
identifying renal flare. In all models tested, usCD163 was identi-
fied as the first node in the tree (Table 3). A subsequent testing
strategy in usCD163-positive individuals that incorporated
uMCP-1 and then new-onset proteinuria maximized diagnostic
fidelity and increased specificity to 97.9% and the positive likeli-
hood ratio (PLR) to 19.2. As these biomarker statistics are inti-
mately dependent on pretest probability (Figure 4B) and to
provide an estimate of real-world diagnostic accuracy, we esti-
mated the post-test probability of confirming or excluding renal
flare in three scenarios: (i) some degree of proteinuria or hae-
maturia but nothing else to suggest active disease (pretest prob-
ability of active renal vasculitis 5%), (ii) clear extrarenal flare
with some degree of proteinuria or haematuria (40%) and (iii)
high clinical probability of renal flare (70%). In the latter two
scenarios, the post-test probability of a positive result following

Table 1. Demographic and clinical characteristics of study subjects

Characteristics Active renal (n¼ 39) Active non-renal (n¼ 48) Remission (n¼ 10)

Demographics
Female, n (%) 14 (35.9) 34 (70.8) 9 (90.0)
Age (years), median (IQR) 56.0 (45.9–64.2) 39.3 (27.8–62.9) 51.6 (43.3–60.7)
Ethnicity (white), % 92.3 91.7 100

Disease, n (%)
GPA 34 (87.2) 33 (68.8) 6 (60.0)
MPA 2 (5.1) 1 (2.1) 4 (40.0)
EGPA 3 (7.7) 14 (29.2) 0
Disease duration (years), median (range) 4.8 (2.5–8.7) 6.1 (2.3–11.1) 6.2 (0.2–21.7)

ANCA specificity, n (%)
Anti-PR3 27 (69.2) 19 (39.6) 5 (50.0)
Anti-MPO 7 (17.9) 11 (22.9) 4 (40.0)
ELISA negative 3 (7.7) 15 (31.2) 0
ELISA unknown 2 (5.1) 3 (6.3) 1 (10.0)

The active renal and active non-renal patients contributed sample and clinical data at the time of flare, as well as one to three samples at visits both before and after the flare event.
PR3, proteinase 3; MPO, myeloperoxidase.

Table 2. Clinical characteristics according to disease activity

Characteristics (n¼ 320
encounters in 88 patients)

Active renal (n¼ 39) Active non-renal (n¼ 48) Remission (n¼ 233) P-value

C-reactive protein (mg/dL), median (IQR) 1.4 (1–1.8) 0.8 (0.7–0.9) 0.9 (0.8–1.2) 0.0028
Physician global assessment (0–10), mean (SD) 5.7 (1.9) 4.4 (1.3) 0.1 (0.7) <0.0001
Current IS?, n (%) 28 (71.8) 36 (85.1) 169 (72.8) ns
Renal parameters

eGFR baselinea (mL/min), median (IQR) 54 (37.2–90.5) 101 (83.1–121) 79 (54.4–98.2) <0.0001
Serum creatinine (mg/dL), median (IQR) 1.4 (1.0–1.8) 0.8 (0.7–0.9) 0.9 (0.8–1.2) <0.0001
Creatinine level change (%), median (IQR) 6.5 (�1.2–13.3) �2.8 (�13.3–7.5) 0 (�7.2–8.3) ns
Dipstick haematuria, n (%) 26 (66) 12 (25) 65 (27) <0.0001
Dipstick proteinuria, n (%) 29 (74.5) 6 (12.5) 79 (33.9) <0.0001
RBC casts present, n (%) 33.3 (13) 2.1 (1) 7 (2.6) <0.0001
New proteinuria, n (%) 14 (35.9) 2 (4.2) 23 (8.5) <0.0001
New haematuria, n (%) 12 (30.8) 12 (25) 24 (8.9) 0.0011
Acute kidney injury (%) 10.3 4.2 3.4 0.0813

IS, immunosuppression; ns, not significant.
Acute kidney injury determined by Acute Kidney Injury Network criteria.
aRefers to the eGFR at the earliest time point.
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the recursive tree algorithm was 93% and 98%, respectively
(Table 5), potentially obviating the need for kidney biopsy in
these settings.

D I S C U S S I O N

It remains difficult to distinguish active vasculitis in the kidney
from other causes of renal injury, such as infection, acute tubu-
lar necrosis, allergic interstitial nephritis and paraprotein-
mediated kidney disease. We examined the ability of testing for
usCD163 and uMCP-1 to identify subtle active renal vasculitis
in a large multicentre cohort. We found that both biomarkers
were elevated in the presence of active renal vasculitis, with
usCD163 displaying a slightly larger area under the ROC than
uMCP-1. The low degree of correlation between usCD163 and

uMCP-1 highlights the fact that each reflects a different compo-
nent of the glomerular macrophage recruitment and activation
pathway. In this setting of subtle clinical evidence of active renal
vasculitis, the moderate clinical utility of each biomarker in iso-
lation was enhanced by using usCD163 to exclude active vascu-
litis and then grouping the ‘usCD163þ/uMCP-1þ’ and
‘usCD163/new proteinuria’ as the two ‘yes’ nodes, giving a PLR
of 19. This decision tree approach reflects more accurately the
use of novel biomarkers in clinical practice.

We have previously identified usCD163 as a promising bio-
marker in glomerulonephritis [5] and it is similarly emerging as
a potentially useful test in lupus nephritis [18]. In our prior
study, we observed excellent biomarker characteristics, with a
PLR for usCD163 alone of 20.7, an NLR of 0.17 and an area un-
der the ROC curve of 0.93. However, most patients with active

FIGURE 1: usCD163 and uMCP-1 levels across the cohort. (A) usCD163 levels in patients with active [A] renal vasculitis compared with those
in remission [R] and those with active non-renal vasculitis. Upper line denotes the cut-off of 143 ng/mmol [optimizing sensitivity derived from
the Rule Out decision tree (Figure 4)] and the lower line denotes the Youden index cut-off of 72.9 ng/mmol. The boxes in panels (A) and (C)
indicate the fraction of positive samples in each group. (B) ROC curve of usCD163 comparing active renal vasculitis with remission and active
non-renal vasculitis. (C) uMCP-1 levels in patients with active [A] renal vasculitis compared with those in remission [R] and those with active
non-renal vasculitis. Upper line denotes the cut-off of 20 ng/mmol [optimizing sensitivity derived from the Rule Out decision tree (Figure 4)]
and the lower line denotes the Youden index cut-off of 10 ng/mmol. (D) ROC curve of uMCP-1 comparing active renal vasculitis with remis-
sion and active non-renal vasculitis. ****P< 0.0001, ***P< 0.001.

usCD163 & uMCP-1 in renal flare 287

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/35/2/283/5151289 by Periodicals D

epartm
ent, The Library, Trinity C

ollege D
ublin user on 21 February 2024



disease in the prior study were recruited at the time of diagnosis,
had severe disease (often mandating dialysis) and included
patients with anti-glomerular basement antibody disease.
Although this demonstrated the proof of concept, there is little
clinical unmet need for diagnosis of active glomerulonephritis
in this patient group, with conventional kidney biomarkers usu-
ally being adequate. Also, in the presence of such severe glomer-
ular disease, most biomarkers of kidney inflammation are likely

to perform well. A subset of the current sample set has been
tested previously for uMCP-1 (among other biomarkers) by
Lieberthal et al. [13]. Although a similar degree of elevation in
uMCP-1 was observed in active renal disease, this study differed
from the current one in identifying positive uMCP-1 results in
active non-renal disease. A slightly different assay was used
[pre-coated Quantikine DCP00, versus Duoset DY279 (R&D
Systems)]in this study, which may have contributed to the

Table 3. Biomarker characteristics

Biomarker Cut-point
method

Cut-point Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV NPV (95% CI) PLR (95% CI) NLR (95% CI) AUC

usCD163 Youden 72.9 ng/mmol 79.5 (63.5–90.7) 67.3 (61.4–72.7) 25.2 95.9 (92.7–97.8) 2.4 (1.9–3.1) 0.3 (0.2–0.6) 0.79
uMCP-1 Youden 10.0 pg/mmol 53.9 (37.2–69.9) 82.2 (77.2–86.5) 29.6 92.8 (90.1–94.8) 3.0 (2.1–4.4) 0.6 (0.4–0.8) 0.68
Decision Tree Recursive

partitioning
CD163 >143 ng/mmola

MCP-1 >20 pg/mmola

New/worse proteinuria

41.0 97.9 72.7 92.3 19.2 0.6 NA

In each case, the ability of the biomarker to correctly classify patients with active renal vasculitis was tested within a heterogeneous cohort including patients in remission and those
with active extrarenal disease.
aThe decision tree cut-points were determined by recursive partitioning.

FIGURE 2: (A) Correlation between usCD163 and uMCP-1 (r2¼0.11). (B) Correlation between urine protein:creatinine and uMCP-1
(r2¼ 0.14). (C) Correlation between urine protein:creatinine and usCD163 (r2¼ 0.12).

FIGURE 3: Levels of usCD163 in serial patient samples plotted over time from date of diagnosis (depicted as time 0). In each case, samples
taken at the time of active vasculitis are marked in black. (A) usCD163; black circles depicting active renal vasculitis. (B) usCD163; black circles
depicting active non-renal vasculitis. (C) uMCP-1; black circles depicting active renal vasculitis. (D) uMCP-1; black circles depicting active
non-renal vasculitis.
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divergent results. Of note, Tam et al. [11] reported low uMCP-1
levels in patients with active non-renal disease using the same
Duoset assay used in this study, although there were only six
patients in that group.

To assess the true clinical utility of these novel biomarkers,
we chose to test them in a more clinically challenging and rele-
vant environment, seemingly mild (or early) renal flare. In this
setting, PLR/NLR values of 2.4/0.3 and 3.0/0.6 for usCD163 and
uMCP-1, respectively, suggest borderline clinical utility and re-
flect the fact that these patients may require kidney biopsy to
make a definitive diagnosis. However, when unbiased recursive

tree partitioning was applied to the novel biomarkers alongside
conventional markers, usCD163 and uMCP-1 emerged as the
first and second nodes, respectively, with new-onset proteinuria
adding additional fidelity. The PLR and NLR of the novel algo-
rithm were 19.2 and 0.6, respectively, indicating high potential
clinical value. In the setting of intermediate or high pretest clini-
cal probability, this algorithm provided an estimated post-test
probability in excess of 90%. It is not uncommon currently for
such patients to undergo kidney biopsy; our results suggest that
in many cases it may not be necessary to perform a biopsy and
to embark on appropriate treatment based on the algorithm
results.

Although both usCD163 and uMCP-1 are linked to the re-
cruitment of activated macrophages to the injured glomerulus,
these markers reflect different stages of this process. sCD163 is
actively shed from the surface of glomerular macrophages in
the presence of pro-inflammatory peptides, particularly
ADAM17/TACE [6]. The level of usCD163 is presumed to re-
flect the burden of activated macrophages in situ. In contrast,
MCP-1 (CCL2) is a chemokine that specifically attracts blood
monocytes and tissue macrophages to its source, via interaction
with its cell surface receptor, CCR2. Renal cells produce MCP-1
in response to various pro-inflammatory stimuli. Indirectly,
MCP-1 has the potential to drive renal fibrosis by macrophage
recruitment and via direct induction of a fibrotic response in
glomerular mesangial cells. Therefore it is conceivable that
MCP-1 appears in the urine earlier in the process than sCD163,
providing a rationale for testing for both peptides when clinical
uncertainty remains after the use of traditional biomarkers.
This premise was supported by our finding of a low degree of
correlation between the two biomarkers in urine. The moderate
correlation between the urine protein:creatinine ratio and the
novel biomarkers suggests that in cases of heavy proteinuria

Table 4. Mixed effects modelling of novel biomarkers in longitudinal
samples

usCD163 uMCP-1

Coefficient
value

P-value Coefficient
value

P-value

Renal flare 4.362 <0.0001 1.850 <0.0001
No renal flare �0.881 0.002 �0.332 0.016
Gender (male) 0.105 0.747 �0.010 0.949
Age �0.001 0.916 0.005 0.295
ANCA positive �0.100 0.798 0.074 0.692
New proteinuria 0.085 0.777 0.141 0.328
New haematuria 0.131 0.630 �0.136 0.319

The coefficient value for renal flare gives the typical level of transformed biomarker for a
female, ANCA-negative renal patient in a renal flare episode. This also represents the
baseline level for the other explanatory variables, that is, it represents the typical level for
females, ANCA-negative, no new proteinuria and no new haematuria. The remaining
coefficient values represent differences from this baseline for a patient with the given
characteristic. For example, a male patient in remission will typically have a transformed
sCD163 level of 3.586 (4.362 � 0.881þ 0.105). The P-values confirm that renal flare epi-
sodes are the only significant characteristic in explaining the transformed biomarker val-
ues through mixed effects modelling.

FIGURE 4: Recursive partitioning was applied to the dataset to identify variables that maximized correct classification of patients. (A) In the
resulting decision tree variables are depicted in ovals. Black cells indicate tree termination with classification of the patient as having active re-
nal disease (n¼ 22), whereas grey cells indicate tree termination with the patient classified as not having active renal disease (n¼ 298). CC, cor-
rectly classified; AR, active renal vasculitis; RR, remission renal vasculitis/active non-renal vasculitis. (B) Likelihood ratio plot depicting the
change in post-test probability (y-axis) following application of the algorithm in a range of pretest probability scenarios (x-axis).
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there may be leakage of the sCD163 or MCP-1 from serum into
the urine, but that this is a minor consideration overall, with
most of the measured protein coming from the inflamed
nephron.

The principal limitation of our study is the lack of a gold
standard kidney biopsy to diagnose active renal vasculitis. This
is likely to have led to misclassification of some cases and may
account for some of the high values observed in remission and
active extrarenal disease. For example, in our prior published
work examining usCD163, using a Youden cut-point, the test
was positive in 3.7%, <1% and 1.8% of patients in remission,
those with active extrarenal vasculitis and healthy controls, re-
spectively. However, we observed a positive test in 25% and
34.7% of patients in remission and with active extrarenal disease
using a similar cut-point method in the current cohort. Even
using a cut-point that maximized specificity, much higher false-
positive rates were observed in this study (18.0–18.7%). In some
of these cases the patient was classified by the treating physician
as having active extrarenal vasculitis, and satisfied BVAS/WG
criteria for the same, but had new-onset haematuria by dipstick
and/or slight elevation in creatinine level on the visits after
treatment. One may infer that these cases may also have had
subtle renal vasculitis. This limitation probably falsely reduced
the biomarkers’ performance. In addition, the use of ROC curve
analysis has variable utility in datasets with repeated measures,
but it does represent the best option for describing biomarker
performance. An additional limitation is that we have not in-
cluded a validation cohort for the classification algorithm, and
it should be noted that the high likelihood ratio is derived from
a relatively small number of cases (n¼ 22).

The presence of active BVAS/WG items informed the defini-
tion of patient groups with active renal and extrarenal vasculitis.
These were recorded by the investigator physician only if they
were considered, in their clinical judgement, to be due to active
vasculitis. This clinical judgement was disregarded for the pur-
pose of the decision tree, so changes in serum creatinine, pro-
teinuria and haematuria were included at face value. When
treated in this manner, usCD163 and uMCP-1 were selected in
an unbiased fashion as the first and second nodes in the model
and proteinuria was the only clinical marker that added utility,
whereas haematuria, creatinine level and CRP did not. This
analysis does not include the physician assessment of whether
observed changes were due to active vasculitis; however, in clin-
ical practice, such an assessment would be added on top of such
a decision tree, as it would be added on top of the individual
parameters.

In summary, an algorithm that combines usCD163 with
uMCP-1 and new-onset proteinuria aids the diagnosis of subtle
renal flare in AAV. The biomarkers of the future will be incor-
porated into machine learning algorithms that incorporate
existing clinical parameters and additional variables, such as en-
vironmental changes. We have taken the first steps in the vascu-
litis field to realize this novel approach. The ability of this
approach to reduce the need for kidney biopsy will need to be
tested in a prospective clinical study.
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A B S T R A C T

Background. In diabetic kidney disease (DKD), it is important
to find biomarkers for predicting initiation and progression of
the disease. Besides glomerular damage, kidney tubular injury
and inflammation are also involved in the development of
DKD. The current study investigated the associations of urinary
epidermal growth factor (uEGF), monocyte chemotactic
protein-1 (MCP-1) and the uEGF:MCP-1 ratio with kidney in-
volvement in patients at early and advanced stages of DKD.
Methods. The concentration of uEGF and uMCP-1 was mea-
sured in two Chinese population-based studies. The associa-
tions of uEGF, uMCP-1 and uEGF/MCP-1 with occurrence of
DKD were studied in a cross-sectional study (n¼ 1811) of early
stage DKD. Associations of baseline uEGF, uMCP-1 and uEGF/
MCP-1 with kidney outcome were assessed in a longitudinal co-
hort (n¼ 208) of advanced-stage DKD.

Results. In both studies, positive correlations were found be-
tween uEGF/urine creatinine (Cr) and estimated glomerular fil-
tration rate (eGFR) at sampling and between uMCP-1/Cr and
urinary albumin:creatinine ratio (uACR). In the cross-sectional
study, uEGF/Cr and uEGF/MCP-1 were negatively associated
with the occurrence of DKD {odds ratio (OR) 0.65 [95% confi-
dence interval (CI) 0.54–0.79], P< 0.001; 0.82 (0.71–0.94),
P¼ 0.005, respectively}. In the longitudinal cohort, the
uEGF:MCP-1 ratio correlated more closely with the percentage
change of eGFR slope (r¼ 0.33, P< 0.001) as compared with
uEGF/Cr or uMCP-1/Cr alone. The composite endpoint was de-
fined as end-stage renal disease or 30% reduction of eGFR. These
three markers were independently associated with composite
endpoint after adjusting for potential confounders [hazard ratio
0.76 (0.59–1.00), P¼ 0.047 for uEGF/Cr; 1.18 (1.02–1.38),

VC The Author(s) 2018. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. 291
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