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Abstract

Background Idiopathic retroperitoneal fibrosis (iRPF) is a rare chronic fibro-inflammatory disorder of unknown etiology.
Activated T-helper cells, which shed soluble interleukin-2 receptor (sIL-2R) into the circulation, may play a pathogenetic
role. Hence, measuring sIL-2R may be of value in monitoring disease activity and treatment response in iRPF patients.
Methods We performed a prospective inception cohort study of 82 patients with untreated (re)active iRPF stratified by
elevated (> 623 U/mL) or normal sIL-2R level at baseline and compared disease characteristics among these groups. Baseline
and changes in sIL-2R levels following treatment with tamoxifen (TMX) or prednisone (PDN) were analyzed and related
to treatment response.

Results Median sIL-2R level was 668 U/mL (IQR 502.8-827.5); 48 patients (59%) had elevated baseline sIL-2R levels.
Patients with elevated sIL-2R presented with higher CRP (P =0.049) and serum creatinine (sCr) levels (P <0.001) and
more often had hydroureteronephrosis (P=0.01). There was an age and sex adjusted linear association between baseline
sIL-2R and both CRP (P=0.02) and sCr (P <0.001). Baseline and serial levels of sIL-2R were predictive and concordant,
respectively, with clinical response in patients treated with PDN. ROC curve analyses of sIL-2R on a continuous scale and
PDN treatment success showed an AUC of 0.84. A serum sIL-2R cut-off value for PDN treatment success of <703 U/mL
was found with a sensitivity of 100% and specificity of 72%.

Conclusion Serial measurement of sIL-2R may be of value in monitoring disease activity and PDN treatment response in
iRPF patients.

Keywords Retroperitoneal fibrosis - Soluble interleukin 2 receptor - Disease activity - Treatment response

Introduction left untreated, progressive fibrosis may lead to obstruction

of adjacent organs, notably the ureters [2].

Idiopathic retroperitoneal fibrosis (iRPF) is a rare disorder
characterized by chronic nonspecific inflammation of the
retroperitoneum leading to fibrosis [1]. If unrecognized or
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Although its exact pathogenesis is unclear, T-helper
(CD4+) cells are thought to play an important role in
the immunopathophysiology of iRPF [3]. We previously
observed a predominant T-cell infiltrate in RPF tissue
material, largely consisting of T-helper cells expressing the
IL-2 receptor (IL-2R) a-chain (aka CD25) [4]. The IL-2R
a-chain is part of the high-affinity, trimeric IL-2 receptor
complex together with a B-chain (CD122) and the common
cytokine receptor y-chain (CD132). Upon T-cell activation,
the a-chain is being shed from the cell surface into the cir-
culation as soluble IL-2R(a) (sIL-2R) [5].

Elevated serum levels of sIL-2R have been found in
various pathological conditions characterized by signifi-
cant T-cell activation, such as autoimmune diseases, infec-
tious diseases, transplant rejection, malignancies, and more
recently in IgG4-related disease (IgG4-RD), a systemic
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chronic fibro-inflammatory disorder, which can also present
as iRPF [6, 7].

In patients with IgG4-RD, sIL-2R levels might represent
a marker for disease activity and treatment response [8—10].
In a small case series, elevated serum sIL-2R levels were
observed in patients with iRPF at disease presentation [11].

In this study, we prospectively analyzed serum sIL-2R
levels in patients with iRPF at the time of disease presenta-
tion and compared disease characteristics of patients pre-
senting with normal and elevated levels. In addition, serum
sIL-2R levels at baseline and during follow-up (FU) were
analyzed in relation to treatment response.

Patients and methods
Patients

From September 2010 through June 2021, 82 patients with
a diagnosis of iRPF who started tamoxifen (TMX) or pred-
nisone (PDN) for first or recurrent presentation who were
seen at our tertiary care referral center were included in this
prospective inception cohort study. Patients without active
disease or patients who already received medical treat-
ment for active disease at the time of referral to our center
were excluded from this study. After careful exclusion of
malignancy, the diagnosis of iRPF was based on the typical
clinical picture and the presence of characteristic contrast-
enhanced computed tomography (CT) findings. There was
no history of infection or drugs (notably ergot-derivatives)
that could have been associated with RPF. There were no
signs of IgG4-related disease or Erdheim-Chester disease.
In case of diagnostic doubt, histologic examination of biopsy
material was performed.

Patients typically received fixed-dose tamoxifen (TMX)
20 mg b.i.d. as primary treatment (n =65, 79%). The pre-
scribed duration of TMX treatment was two years. Sev-
enteen (21%) patients were primarily treated with initial
high-dose PDN (60 mg/day) because of extensive disease
or recurrent active disease. If indicated, (emergency) renal
drainage was performed, either with placement of a percu-
taneous nephrostomy tube (PCN) or a double-J splint (DJ),
sometimes in sequence. Ureteral stents were changed every
4—6 months until definitive removal. In addition to specific
baseline examination, the prescribed FU included periodic
clinical and laboratory examination at 6 weeks, 4 months
and 8 months, respectively and repeated contrast-enhanced
CT scanning at 4 and 8 months of treatment with TMX or
PDN. In case of TMX treatment failure, patients were con-
verted to initial high-dose PDN. In case of unsatisfactory
response to primary or second-line treatment with PDN,
mycophenolate mofetil (MMF, 750-1000 mg b.i.d.) or
methotrexate (MTX, 15 mg, once weekly) was added. In
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some cases of unresponsive disease to combined immuno-
suppressive treatment, cyclic rituximab 500-1000 mg i.v.
was prescribed.

Measurements

Age, sex, duration of symptoms, specific laboratory param-
eters and CT scan findings were documented at baseline.
Laboratory parameters, obtained before start of treatment,
included acute-phase reactant (APR) levels [i.e., erythrocyte
sedimentation rate (ESR), mm/h; C-reactive protein (CRP),
mg/L], serum creatinine (sCr, pmol/L), serum immunoglob-
ulin G4 level (sIgG4, g/L) and serum sIL-2R level (U/mL).
Serum sIgG4 subclass levels were measured by nephelom-
etry (Siemens Healthcare Diagnostics, the Siemens BN™ [I
System) with 1.4 g/L being the upper limit of normal sIgG4
concentration [12]. Serum sIL-2R levels were measured
by chemiluminescence enzyme immunoassay (Immulite,
Siemens Healthcare, Germany), with a reference range of
158-623 U/mL. All baseline CT scans were evaluated for the
presence or absence of hydroureteronephrosis. In addition,
RPF mass thickness was measured in transversal direction
(mm). FU measurements included changes in laboratory
parameters and radiological findings on repeat CT scan-
ning. Treatment success was defined as the aggregate of 3
criteria: significant clinical improvement within 6 weeks of
treatment; documented stable or decreasing mass size on the
prescribed FU CT scan at 4 months; and documented defini-
tive decrease in mass size on the prescribed FU CT scan at
8 months. All three criteria had to be met. Of note, in case
of treatment failure and subsequent initiation of second-line
treatment, last values before initiation of this second-line
therapy were used as baseline values with values obtained
thereafter as follow-up measurements. Treatment outcome
was analyzed in study patients who had at least 8 months
of FU after initiation of primary treatment with TMX or
PDN. Patients who were converted to PDN after failed TMX
treatment were included in treatment outcome analysis of
patients who received PDN as primary treatment. Other
treatment regimens, prescribed at later stages of disease
because of unsatisfactory response to primary or second-line
treatment with PDN, were not subject to this study.

Statistical analyses

Because of non-Gaussian distribution of several study vari-
ables, all continuous variables were reported as median with
interquartile range (25th to 75th percentile) for consistency.
In addition, all analysis were done with non-parametric tests.
Differences between continuous variables were analyzed
by using the Mann—Whitney or Wilcoxon signed rank test,
where appropriate. Categorical variables were reported as
number and percentage and compared by the Chi-Square
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test. Correlations were analyzed using Spearman’s rank cor-
relation coefficient. Scatterplots were graphed to examine
possible linearity between variables. We performed linear
regression analyses to study the relation between baseline
sIL-2R, sCr and CRP levels. In order to meet the assumption
of linearity, normality and homoscedasticity of residuals,
we log-transformed these variables by natural logarithm.
The association between sIL-2R levels and treatment suc-
cess with TMX or PDN was determined using univariate
and multivariate binary logistic regression. Because of the
wide range of sIL-2R levels in our study population and
the limited clinical significance of a small increase on treat-
ment outcome, we categorized baseline sIL-2R levels into
intervals of 100 U/mL. The independent variables in the
multivariate regression model were chosen because of their
clinical relevance and included ESR, CRP and sCr level at
baseline. Variance inflation factors were calculated to assess
the degree of multicollinearity among these independent
variables in the multivariate logistic regression model.
Receiver operating characteristic (ROC) analysis was per-
formed to visualize the utility of serum sIL-2R levels in pre-
dicting treatment success and to determine the threshold for

predicting treatment success. All reported P values are two-
sided. A P value less than 0.05 was considered significant.
Statistical analyses were performed using SPSS software,
version 24.0 (IBM).

Results
Baseline characteristics

Demographic and clinical characteristics of the 82 study
patients according to the serum sIL-2R levels at presenta-
tion are depicted in Table 1. Median sIL-2R level was 668
U/mL (IQR 502.8-827.5); 48 patients (59%) presented
with an elevated sIL-2R level. Groups with normal range or
elevated sIL-2R levels had similar duration of symptoms.
Median CRP levels were higher in patients presenting with
an elevated sIL-2R level. Baseline sIL-2R levels correlated
significantly with CRP levels at baseline (p 0.25; P=0.03).
A significant linear association was found between logarith-
mic transformed sIL-2R and CRP levels [# 0.27, (95% CI
0.02-0.20); P=0.02] (Fig. 1A). After adjusting for age and

Table 1 Demographic, clinical

. X o All patients Serum sIL-2R level at presentation P value
and radiological characteristics
of study patients at presentation Normal range Elevated*
No of patients, n (%) 82 34 (41) 48 (59)
Age, y 64 (55-71) 61.0 (53.5-69.0) 66.0 (58.0-71.8) 0.23
Male sex, n (%) 54/82 (66) 19/34 (56) 35/48 (73) 0.11
Duration of symptoms, mo 6 (3-12) 7 (4-15) 5.5 (2.0-12.0) 0.57
Blood markers
ESR, mm/h 35.0 (18.3-66.5) 31.5 (14.5-54.0) 37.5 (18.8-72.3) 0.32
CRP, mg/L 11.5 (5.0-26.3) 9.0 (5.0-19.8) 16.0 (7.0-34.8) 0.049
1gG4, g/L 0.8 (0.3-1.6) 0.9 (0.6-1.7) 0.7 (0.3-1.5) 0.16
sIL-2R, U/mL 668 (502.8-827.5) 481.0 (398.0-518.5) 792.5 (689.5-1101.3)  <0.001
Renal function
Creatinine, mg/dL 92 (74-132) 81.0 (60.3-95.3) 109.5 (86.5-150.5) <0.001
HUN, n (%) 38/80 (48) 10/33 (30) 28/47 (60) 0.01
DJ splint or PCN, n (%) 22/80 (28) 8/33 (24) 14/47 (30) 0.56
RPF mass thickness, mm 36.0 (24.7-48.0) 37.0 (24.3-47.0) 35.0 (26.0-48.5) 0.72
Outcome
Treatment successT, n (%)
Overall 41/70 (59)% 21/31 (68) 20/39 (51) 0.17
Tamoxifen 29/56 (52) 15/25 (60) 14/31 (45) 0.27
Prednisolone 12/14 (86) 6/6 (100) 6/8 (75) 0.19
Recurrence rate, n (%) 5/34 (15) 1/17 (6) 4/17 (24) 0.15

Values are median and interquartile ranges (25th to 75th percentile) or numbers and percentages

sIL2R soluble interleukin 2 receptor, ESR erythrocyte sedimentation rate, CRP C-reactive protein, HUN
hydroureteronephrosis, DJ double J, PCN percutaneous nephrostomy

*Defined as serum sIL2R level > 623 U/mL

"Treatment success was analyzed in study patients with at least 8 months of follow-up

*In 12 patients there was insufficient follow-up time for analyzing treatment success, hence n="70

@ Springer



2666 International Urology and Nephrology (2022) 54:2663-2671
8.0y 8.5
A P=0.02 B P<0.001
8.0
- 7.5+ —_
E £
3 2
_E 70 g 7.5+
2 ]
g 8 704
5 6.5 %
3 T s
e o
3 6.0~ 5
6.0
5.
1 2 3 4 5 H e 0 1 2 3

LN(CRP) at baseline (mg/L)

LN(creatinine) at baseline (mg/dL)

Fig. 1 Linear regression analyses of the logarithmic transformed sIL-2R and CRP levels (A) and sIL-2R and serum creatinine (sCr) levels (B). A
significant linear association was found between sIL-2R and both CRP and sCr levels

sex, this association remained significant [f 0.25, (95% CI
0.01-0.19); P=0.02]. ESR and sIgG4 levels did not dif-
fer between patients with normal range or elevated sIL-2R
levels (Table 1), nor was there a correlation between sIL-2R
levels and ESR or sIgG4 levels (both P=0.11). In patients
presenting with an elevated serum sIL-2R level, higher sCr
levels were observed and the presence of hydroureterone-
phrosis was more common (Table 1). Baseline sIL-2R levels
correlated significantly with sCr levels (p 0.53; P <0.001)
and with the presence of hydroureteronephrosis (p 0.27;
P=0.02). In addition, a significant linear association was
observed between logarithmic transformed sIL-2R and sCr
levels [f 0.49, (95% CI 0.23-0.53); P <0.001] (Fig. 1B).
After adjusting for age and sex, this association remained
significant [f 0.49, (95% CI 0.22-0.54); P <0.001]. CT-
documented retroperitoneal mass thickness did not differ
between groups (Table 1), nor did retroperitoneal mass thick-
ness correlate with baseline sIL-2R levels (p 0.12, P=0.37).
Median sIL-2R levels did not differ between patients primar-
ily treated with TMX or PDN [672 U/mL (IQR 495.0-859.5)
vs. 664 U/mL (IQR 500.5-808.0); P=0.95].

Follow-up

Twelve patients had insufficient FU time to analyze treat-
ment success or failure (i.e., 9 patients who received TMX
treatment and 3 patients who received PDN treatment).
Overall, percentage of patients who had treatment success
did not differ between groups with normal range or elevated
serum sIL-2R levels at presentation (Table 1). Patients
treated with PDN more often experienced treatment success
than patients treated with TMX (86% vs. 52%; P=0.02).
In patients receiving primary TMX treatment, median
baseline sIL-2R levels did not differ between patients who
had treatment failure and patients who had treatment success
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(P=0.79). In patients who had TMX treatment success,
serum sIL-2R levels did not decrease during FU.

ESR, CRP and sIgG4 levels decreased during FU in
patients who had TMX treatment success (Table 2). The
odds ratio (OR) of ordinal baseline serum sIL-2R level
for TMX treatment success was 0.96 (95% CI 0.83-1.10;
P=0.54). Adjusted for APRs and sCr, the OR was 0.97 (95%
CI0.83-1.13; P=0.69). ROC curve analyses of serum sIL-
2R levels and TMX treatment outcome showed an AUC of
0.52 (Fig. 2A).

Twenty-four patients who had treatment failure with
TMX were converted to PDN-based second-line treatment.
Median time interval between start of TMX and subsequent
conversion to this second-line treatment was 4.6 months
(IQR 2.1-8.0). Median serum sIL-2R level at the time of
treatment switch in patients who had TMX treatment fail-
ure was 618 U/mL (IQR 470.0-738.8), which did not dif-
fer from their initial level at presentation [638 U/mL (IQR
474.3-829.3); P=0.85]. No difference was found in base-
line sIL-2R levels between patients receiving primary TMX
treatment vs. cumulative patients receiving primary PDN
treatment or second-line PDN treatment following TMX
failure [691 U/mL (IQR 508.0-883.0) vs. 642 U/mL (IQR
485.5-808.0); P=0.71]. In patients who were converted to
PDN following TMX treatment failure, 20 of 24 patients
(83%) eventually had treatment success (Table 3).

In patients treated with PDN as either first or second-line
treatment, median baseline sIL-2R levels were significantly
higher in patients who had treatment failure compared to that
in patients who had treatment success (Fig. 3). In patients
with PDN treatment success, serum sIL-2R levels decreased
significantly during FU. ESR, CRP and sIgG4 levels also
decreased significantly. Conversely, in patients with PDN
treatment failure, neither sIL-2R nor APR levels decreased
significantly during FU (Table 3). The OR of ordinal baseline
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Table 2 Changes in APR, serum IgG4 and serum sIL-2R levels during tamoxifen therapy

Presentation Follow-up
6 weeks 4 months 8 months
Success tamoxifen, n 29 29 29 29
ESR, mm/h 28.0 (15.5-48.0) 15.0 (5.3-28.0)" 10 2-21)f 8 (2-17)"
CRP, mg/L 7 (5-20) 5.0 (3.0-7.5)" 5.0 (3.0-5.8)" 5 (3-5)"
1gG4, g/L 0.8 (0.4-1.5) 0.9 (0.5-1.4) 0.8 (0.4-1.4) 0.7 (0.4-1.0)"
sIL-2R, U/mL 609.0 (508.0-845.5) 684.0 (530.8-848.8) 561 (455-848) 641.5 (491.0-883.8)
Failure tamoxifen, n 27 23 16 8
ESR, mm/h 38 (21-65) 26 (7-37)" 28.0 (5.3-39.5)* 28.0 (9.5-40.5)*
CRP, mg/L 13 (6-28) 5 (4-15)f 9.0 (5.0-15.8) 8.5 (5.0-27.3)
1gG4, g/L 0.6 (0.3-1.5) 0.7 (0.4-1.5) 0.5 (0.2-0.9)* 0.4 (0.2-0.5)
sIL-2R, U/mL 641 (473-984) 672.0 (468.5-923.0) 778.5 (504.3-1156.8) 742.5 (417.5-1598.0)

Values are median and interquartile range (25th—75th percentile)

Depicted values are number of patients (n) and laboratory values while on active tamoxifen treatment

ESR erythrocyte sedimentation rate, CRP C-reactive protein
*p <0.05 vs. similar variable at presentation

"p<0.01 vs. similar variable at presentation
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Fig.2 ROC curve analyses of sIL-2R levels on a continuous scale and treatment success in patient treated with tamoxifen (TMX) (A) and pred-
nisone (PDN) (B). The ROC curve of PDN shows a cut-off value of 703 U/mL with a sensitivity of 100% and specificity of 72%

serum sIL-2R level for PDN treatment success was 0.68 (95%
CI10.46-0.996; P=0.047). Adjusted for APRs and sCr, the OR
was 0.72 (95% C1 0.47-1.11; P=0.13). ROC curve analyses
of baseline serum sIL-2R levels and PDN treatment outcome
showed an AUC of 0.84 (Fig. 2B). A serum sIL-2R cut-off
value for PDN treatment success of <703 U/mL was found
with a sensitivity of 100% and specificity of 72%.

Discussion

In this study, we demonstrate that serum sIL-2R levels
are elevated in up to 60% of patients with active iRPF at
presentation. In addition, the change in sIL-2R level over
time was concordant with the clinical course of patients

@ Springer
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Table3 Changes in APR, Presentation Follow-up'
serum IgG4 and serum sIL-2R
levels during prednisone First follow-up Second follow-up
therapy
Success prednisolone, n 32 32 31
ESR, mm/h 36.0 (11.0-65.3) 8.0 (2.0-23.8)° 8 (5-17)°
CRP, mg/L 10.0 (5.0-23.8) 5.0 (3.0-7.5)° 4 (3-5)°
IgG4, g/L 1.1 (0.5-2.1) 0.7 (0.3-1.2)* 0.4 (0.2-0.7)*
sIL-2R, U/mL 563.5 (470.0-758.3) 480 (338-633)* 397 (336-610)*
Failure prednisolone, n 6 6 6
ESR, mm/h 35.5 (16.5-64.3) 22.5(10.3-38.0) 27.0 (17.0-62.5)
CRP, mg/L 25.0 (3.0-66.8) 7.0 (4.5-27.8) 6.0 (3.8-54.8)
1gG4, g/lL 0.3 (0.2-0.8) 0.2 (0.1-1.5)* 0.2 (0.1-0.4)*
sIL-2R, U/mL 791.5 (728.8-1403.0) 813 (697.0-1086.3) 664.5 (509.3-987.5)
This analysis was performed in cumulative patients who received primary treatment with prednisolone and
patients who were converted to prednisolone following tamoxifen treatment failure with at least 8 months
FU after initiation of this treatment
Values are median and interquartile range (25th—75th percentile)
Depicted values are number of patients (n) and laboratory values while on active prednisolone treatment
ESR erythrocyte sedimentation rate, CRP C-reactive protein
fMedian time interval between start of or switch to prednisolone therapy to first follow-up was 1.5 months
(IQR 1.0-1.5) and to end of follow-up 7.4 months (IQR 4.4-8.0)
¥p <0.05 vs. similar variable at presentation
$p<0.01 vs. similar variable at presentation
P<0.01 the majority of patients lend further support for the hypoth-
esis that T-lymphocytes are involved in the pathogenesis
2500 of iRPF [1, 4, 13]. Histologically, iRPF is characterized
S by the proliferation of fibrous and inflammatory tissue
‘_.g 2000~ consisting of various immune cells, such as macrophages,
=) lymphocytes, plasma cells and occasional eosinophils and
2 1500 neutrophils [1, 13]. The lymphocytic population is mainly
g T comprised of CD4+T cells [4, 13]. Different T-cell sub-
g 1000 sets are probably involved in the immunopathogenesis of
x iRPF. A T-helper 2 (Th2)-skewed immune response, which
=',;, 500 ‘?‘ is known to promote fibrocyte differentiation, is suggested
by the observed increased serum levels of the Th2 cytokines
0 interleukin-10 [IL-10] and IL-13 and dominant infiltration

T T
Treatment failure Treatment success

Prednisone

Fig.3 Box-and-Whisker plot showing baseline sIL-2R levels accord-
ing to treatment success in patients treated with prednisone (PDN).
Patients who experienced treatment failure had significantly higher
sIL-2R levels at baseline compared to patients who experienced treat-
ment success. Values are expressed as median with quartiles and
range

treated with PDN. Furthermore, baseline serum sIL-2R
levels were able to predict treatment response in PDN-
treated patients.

Median baseline sIL-2R levels in our study population
was 668 U/mL. This finding of increased sIL-2R levels in

@ Springer

of GATA-3 4+ cells in iRPF biopsy samples [14]. In addition,
T cells locally produce IL-6, which can activate B cells and
fibroblasts [15]. Increased serum levels of the Th2-response
related chemokine eotaxin/CCL11 and of the chemokine
CXCL12 were also observed, both of which are involved
in promoting fibrosis [14, 16]. In another study, increased
serum levels of the Th2-response related chemokine CCL18,
which plays an important role in the stimulation of collagen
production, was observed in iRPF patients and correlated
with disease extent and activity [17]. By analogy to IgG4-
RD, overproduction of CD4 4 CD25 + cells, which are part
of a naturally occurring population of regulatory T cells
(Tregs), may also play arole [4, 13].

The IL-2R a-chain is secreted by activated T-cells as
sIL-2R into the circulation and is generally regarded as a
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marker of T-cell activation [18]. Indeed, elevated sIL-2R
levels have been found in various other pathological con-
ditions characterized by significant T-cell activation, such
as rheumatoid arthritis, systemic lupus erythematosus, sar-
coidosis and IgG4-RD [6]. The specific role of sIL-2R in the
interplay of the IL2—IL2R pathway in immunity and toler-
ance, however, is still controversial and depends on which
cell type (i.e., antigen presenting cell, conventional T-cell
or Treg is being (mostly) affected [6, 19]. If increased levels
of sIL2R indeed reflect ongoing disease activity, SIL2R may
be involved by activating effector cells. Alternatively, exten-
sive shedding of the IL2R may be a (ineffective) attempt to
restore immune homeostasis by reducing bioavailability of
IL2 for effector cells, while maintaining it for Tregs [19]. It
is also possible that sIL-2R does not exert any major biologi-
cal effects and might only be useful as a biomarker [6, 19].

To date, only limited data is available on serum sIL-
2R levels in patients with iRPF. In one small case series,
increased sIL-2R levels were observed in 5 out of 6 (83%)
patients with iRPF with a median of 970 U/mL [11]. It
would be of great interest if serum sIL-2R could serve as a
marker of disease activity and, more notably, of treatment
response in iRPF disease. Because sIL-2R is a non-disease
specific T-cell activation marker, it will probably not suit as
a diagnostic tool [19]. Elevated ESR and CRP levels are typ-
ically thought to represent active inflammation and hence,
indicative of a potential response to medical treatment [20].
However, although iRPF patients with elevated APR levels
may be more symptomatic, APR levels at baseline nor their
respective changes following initiation of treatment were
predictive for treatment success [20-22]. Recent data sug-
gest that sIL-2R levels may correlate with disease activ-
ity, number of affected organs and possibly predict disease
relapse in various autoimmune and inflammatory diseases
[6, 9, 10]. In the present study, patients with normal range or
elevated baseline sIL-2R levels had comparable duration of
symptoms and CT-documented RPF mass thickness. How-
ever, patients with elevated baseline sIL-2R levels presented
with higher CRP and sCr levels. Moreover, a positive linear
association was found between baseline sIL2-R and both
CRP and sCr levels. In addition, patients with elevated sIL2-
R levels more often presented with hydroureteronephrosis
compared to patients with normal range sIL-2R levels.

Combined data suggest that sIL-2R levels may correlate
with disease intensity in patients with iRPF. However, the
observed association between baseline sIL-2R levels and
sCr should be interpreted with caution as it may also reflect
renal impairment, since sIL-2R is cleared by the kidneys
[23]. Indeed, in patients with sarcoidosis, it has been sug-
gested that elevated sIL-2R levels may not only reflect dis-
ease activity but also accumulation through impaired renal
clearance [24]. Therefore, assessment of renal function when
interpreting sIL-2R levels is warranted.

In a subset of patients, iRPF may be a manifestation of
IgG4-RD [7]. Elevated levels of sIL-2R have been described
in 53% to 100% of patients with IgG4-RD with median lev-
els varying from 568 to 959 U/mL [8-10]. No correlation
was observed between sIL2R and sIgG4 levels in patients
with IgG4-RD [8]. We also observed no correlation between
sIL2R and sIgG4 levels in iRPF patients. Albeit measured in
only a few patients, no correlation was found between sIL2R
and sIgG4 levels in another study involving iRPF patients
[11]. However, previous data suggest that sIigG4 may be of
added value in monitoring disease activity in iRPF disease,
although not discriminative for predicting treatment success
[22]. Possibly, sIL-2R and sIgG4 have value independent
from each other, but this should be investigated further in
larger studies.

Patients primarily treated with PDN more often experi-
enced treatment success than patients treated with TMX in
our study and the majority of patients who switched to sec-
ond-line PDN treatment after TMX failure subsequently had
treatment success. Baseline sIL-2R levels of patients who
had treatment failure with PDN were significantly higher
compared to that in patients who had treatment success with
PDN. During FU, sIL-2R levels decreased significantly in
patients who had treatment success with PDN, but not in
patients who had treatment failure with PDN. Previous stud-
ies in patients with IgG4-RD also demonstrated decreasing
sIL-2R levels following corticosteroid (CS) therapy.8—10 In
addition, in patients with rheumatoid arthritis treated with
infliximab, low baseline sIL-2R levels were able to predict
rapid clinical response [25]. In the present study, ROC curve
analysis of baseline serum sIL-2R levels and PDN treatment
outcome showed a high AUC of 0.84. Moreover, a baseline
(i.e., pre-treatment) sIL-2R cut-off value of <703 U/mL was
able to predict PDN treatment success with satisfying sensi-
tivity (100%) and specificity (72%).

In TMX-treated patients, baseline sIL-2R levels between
patients with treatment success and failure did not differ nor
did we observe a decline in serum sIL-2R levels during FU.
Given that TMX is less effective than PDN in iRPF disease
[26, 27], one might speculate that TMX has less anti-inflam-
matory activity compared to CSs. Another explanation may
be that TMX has no effect on serum sIL-2R levels per se.
No other data exist in the literature on the effect of TMX on
sIL-2R levels. The present observation of a decline in ESR
and CRP levels following TMX treatment is consistent with
our earlier observations [20, 28]. However, as is the case for
baseline sIL-2R levels, it has been shown previously that
baseline APR levels are also not able to predict treatment
outcome in patients treated with TMX [20].

Our observation of declining sIL-2R serum levels upon
clinical improvement in PDN-treated patients supports the
pathological role of excessive T-cell activity in iRPF and fur-
ther indicates that serum sIL-2R levels might reflect disease
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activity in patients with iRPF. CSs are generally considered
first-line treatment for patients with iRPF [26, 27], but TMX
has been shown to be a viable therapeutic option [28, 29].
While recognizing the superiority of CS therapy, we—and
many of our patients—prefer TMX as primary treatment,
particularly in cases of less extensive disease (e.g., limited
fibrotic mass with no hydronephrosis or venous compres-
sion) and/or in cases of (relative) contraindications to long-
term CS use. Given the success rate with TMX [28, 29], a
substantial number of patients will not need prolonged CS
treatment with its potentially hazardous complications and
most non-responders to TMX will respond to subsequent
PDN treatment. However, our study does not indicate a role
of baseline sIL-2R levels in determining choice of primary
treatment as baseline SIL2R levels between patients primar-
ily treated with TMX or PDN did not differ.

The present study has some limitations. Although this
is the first prospective study to date in investigating the
role of sIL-2R levels in a relatively large cohort of patients
with iRPF, the number of patients is still small. This can
be explained by the rarity of the disease with an estimated
incidence of 1.3 per 100.000 inhabitants [2]. We included
patients who received second-line PDN in our treatment out-
come analysis of PDN-treated patients. Time interval for
measurements of blood markers varied in patients treated
with second-line PDN compared to that in patients primar-
ily with PDN, which were according to the standardized FU
protocol. However, median time interval to first and end of
FU in patients who received second-line PDN treatment
(i.e., 1.5 months and 7.4 months, respectively) approximated
those for patients who received primary treatment with PDN
(i.e., 6 weeks and 8 months, respectively).

In conclusion, serum sIL-2R level is elevated in the
majority of patients with iRPF and showed positive asso-
ciation with CRP and sCr level and the presence of hydro-
ureteronephrosis. Baseline sIL2R level predicted treatment
success in patients treated with PDN. The change in sIL-2R
level over time was concordant with the clinical course of
patients treated with PDN. Data suggest that serial measure-
ment of serum sIL-2R may be of added value in monitor-
ing disease activity and PDN treatment response in iRPF
patients, but larger studies are required to substantiate this
potential role.
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