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Abstract: Objectives: To evaluate the management and outcome of idiopathic retroperitoneal fibro-
sis (iRPF) in Japan, and to identify its clinical biomarker. Methods: We retrospectively analyzed
129 patients with iRPF treated between January 2008 and May 2018 at 12 university and related hos-
pitals. Patients treated with glucocorticoid were analyzed to identify a predictive biomarker. These
patients were classified into three groups according to overall effectiveness (no change: NC, complete
response: CR, and partial response groups: PR), and each parameter was compared statistically.
Results: Male—female ratio was 5:1, and median age at diagnosis was 69 (33-86) years. Smoking
history was reported in 59.6% of the patients. As treatment, 95 patients received glucocorticoid ther-
apy with an overall response rate of 84%. As a result, serum concentration of IgG4 was significantly
decreased in NC group compared with the other two groups (56.6 mg/dL vs. 255 mg/dL, 206 mg/dL,
p =0.0059 and 0.0078). ROC analysis was performed between the nonresponder (NC) and responder
groups (CR + PR) to identify the cut-off value of serum IgG4 as a predictive marker. As a result, AUC
of 0.793 was confirmed. Conclusions: Pre-treatment serum IgG4 concentration may have potential as
a predictive biomarker of steroid treatment.
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1. Introduction

Retroperitoneal fibrosis (RPF) is characterized by the presence of fibrotic tissue in
retroperitoneum, accompanying chronic inflammation, fibrotic tissue surrounding the
abdominal aorta and iliac arteries, and ureteral obstruction [1-5]. The presence of fibrotic
tissue in retroperitoneum is common in all cases, whereas accompanying chronic inflam-
mation, fibrotic tissue surrounding the abdominal aorta and iliac arteries, and ureteral
obstruction are observed to varying degrees in individual cases. Because of its rarity and
benign characteristics, accepted evidence seems to be lacking. Therefore, epidemiology;,
classification, and etiology as well as treatment procedures and information on outcome
remain elusive, and this has acted as an obstacle to the establishment of guidelines [1-5].
Published reports estimate the incidence of RFP to be 0.1-1.3/100,000 persons per year,
a male—female ratio of 2:1-3:1, and a mean age at diagnosis ranging between 55 and
60 years [3-8].

RPF has been classified into secondary and idiopathic type [1-5]. Secondary RPF in-
cludes drug-induced and infectious-disease-related etiologies. There is evidence regarding
the relationship between ergot alkaloids or dopamine agonists and RPF [3,9]. In addi-
tion, surgery or radiation therapy for retroperitoneal lesions also induce fibrotic change,
which may cause secondary RPF [1-5]. On the other hand, 70-80% of RPF is classified as
idiopathic type, which includes immunoglobulin G4-related disease (IgG4RD) and IgG4-
unrelated chronic aortitis, inflammatory aortic aneurysm, and perianeurysmal fibrosis [1-6].
Although glucocorticoid therapy shows a good response rate in idiopathic RPF (iRPF),
predictive biomarkers for the therapy have yet to be established.

Because the rarity of this disease makes it difficult to collect an adequate number of
patients at a local institution, we planned collaborative research with twelve universities
and eight related hospitals in the Kyushu—-Okinawa area to collect data on RPF patients. In
the present report, we retrospectively evaluated clinical data including etiology, manage-
ment and the outcome of the RPF patients, and discussed serum IgG4 concentration as a
predictive biomarker in glucocorticoid therapy.

2. Materials and Methods
2.1. Patients

The present multi-institutional study was conducted with the approval of all institu-
tional review boards (approval No. O-0336, 2018). We retrospectively analyzed patients
with RPF treated between January 2008 and May 2018 at 12 university hospitals and related
hospitals. Major criteria were presence of fibrotic tissue in retroperitoneal area without
regard to the presence or absence of accompanying inflammation or hydronephrosis. No
apparent primary retroperitoneal tumor or retroperitoneal metastasis were observed. Ma-
lignant neoplasm occurring in locations other than the retroperitoneal area was included in
iRPFE. Surgical intervention, radiation to the retroperitoneal area and exact drug-induced
RPF (ergot alkaloids and dopamine agonists) were defined as secondary RPF (Figure 1).
Clinical data including age, gender, comorbidity, past history, results of laboratory exami-
nation, appearance of imaging examination, urological examination, details of treatment
and the outcome were retrospectively extracted from clinical records.
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Retroperitoneal fibrotic tissue (144 cases)
*+ Chronic inflammation

+ Peri-aortic location

+ Ureteral obstruction

Secondary RPF(15 cases)

Drugs: ergot alkaloids, dopamine agonists (0 case)
Surgery: retroperitoneal area (12 cases)

Radiation: retroperitoneal area (3 cases)

Primary or metastatic tumor of retroperitoneum (0 case)

Idiopathic RPF (129 cases)

Figure 1. Classification of retroperitoneal fibrosis, and selection of study cohort. A total of 144 cases
were enrolled, and 15 cases were classified as secondary RPF. Patients with idiopathic RPF were
analyzed in this study.

2.2. Baseline Measurements

Baseline laboratory examination, including complete blood cell count, serum level of
creatinine, C-reactive protein (CRP), soluble interleukin-2 receptor (sIL-2R), IgG and IgG4,
were performed during the pre-treatment period. Plaque size was analyzed by computed
tomography (CT) and/or magnetic resonance imaging (MRI). Due to the various shapes
and locations of the plaque, we decided to use maximum diameter for the determination of
size. Measurable cases were analyzed for treatment outcome.

2.3. Evaluation of Treatment Outcome

Mass reduction rate was calculated using the changing value of maximum diam-
eter {(pretreatment-posttreatment)/pre-treatment}. Response of medical treatment was
judged as follows: reduction rate of >15% for “reduction” (especially, >90% as “complete
reduction”); 0-15% as “no reduction”.

Improvement of urinary tract was evaluated by degree of obstruction (hydronephrosis)
in upper urinary tract and condition of ureteral stent. Response was classified into the

7,

following four groups: “stent free from the beginning”; “became stent free”; “improved
but still stenting”; “no improvement”. The first two groups were judged as “improved”,
and others were no “improvement”.

Overall effect of treatment was analyzed both by mass reduction rate and improvement
of urinary tract, and then it was classified into three groups of “complete response: CR”,
“partial response: PR”, and “no change: NC”. Patients classified into CR include both
complete reduction and stent-free, PR contains reduction and/or improved, and NC

consists of both no reduction and no improvement.

2.4. Statistical Analysis

This is a fact-finding study without control cohort. Therefore, the result is aggregate
data with limited statistical analysis. Intergroup differences were analyzed using the
Mann-Whitney U-test (StatFlex version 7, Artech, Osaka, Japan) to identify a predictive
biomarker of glucocorticoid therapy. A P value of less than 0.05 was considered statistically
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significant. Receiver operating characteristic (ROC) analysis was also performed using
StatFlex version 7, and cut-off value was identified by the Youden index.

3. Results

During the study period, a total of 145 RPF patients were treated at each hospital, and
a total of 129 patients were classified as idiopathic RPF (iRPF). Initial patient characteristics
are shown in Table 1. As a result, there were 108 male patients with a male—female ratio
of 5.1:1.0. Median age at diagnosis was 69 (33-86) years. Smoking history was reported
in 59.6% of the patients. Review of comorbidity and past history revealed autoimmune
disease in 14.3% (including pancreatitis, thyroiditis, Sjoegren’s disease, idiopathic throm-
bocytopenic purpura, polymyositis, uveitis, rheumatoid arthritis, psoriasis vulgaris and
cholangitis), allergy in 8.6%, nonretroperitoneal malignant neoplasm in 13.4% and arte-
riosclerotic disease in 32.8%. Abdominal surgery not within the retroperitoneal area was
performed in 18.1% of the patients (transurethral resection of bladder tumor was included
in iRPF). One patient received radiation therapy not within the retroperitoneal area. No
patients were treated with ergot alkaloids or dopamine agonists.

Table 1. This is a ta.

n/Total %
Age at diagnosis, years (range) 69 (33-86)
Gender
Male 108 83.7
Female 21 16.3
Smoking history 62/104 59.6
Asbestos exposure 3/69 43
Comorbidity and past history
Autoimmune disease 18/126 14.3
Allergy 11/128 8.6
Malignant neoplasm 17/127 134
Arteriosclerotic disease 42/128 32.8
Abdominal surgery 23/127 18.1
Radiation therapy 1/126 0.8
Treatment
Glucocorticoid 95/127 74.8
Saireito 6/127 4.7
Other agents 2/127 1.6
Surgical intervention 7/127 5.5
No treatment 17/127 134
Overall effect (glucocorticoid therapy)
complete response 13/94 13.8
partial response 66/94 70.2
no change 15/94 16
Stent free rate 31/58 53.4

The breakdown of treatment administered to the 127 patients (two patients had no
information for treatment) was glucocorticoid in 95 cases, Saireito in 6 cases, mizoribine in
1 case, and two agents (glucocorticoid and rituximab) in 1 case. Surgical intervention was
performed in 7 cases, and 17 patients received no treatment (only urinary tract management
and observation).

We focused on glucocorticoid therapy, which is a major treatment of iRPFE. A total of
94 patients with evaluable outcome were analyzed. As a result, reduction of plaque size
was observed in 79 (84%) cases at the median observation period of 82 days (interquartile
range: 34-120 days). Of interest is that complete reduction was observed in 13 cases treated
by glucocorticoid. Treatment effect for urinary tract was analyzed in 89 cases.



J. Clin. Med. 2022, 11, 3538

50f 10

Among 58 patients with ureteral stent inserted prior to glucocorticoid treatment,
31 (53.4%) patients became stent free as a result of treatment. The overall response rate in
this study was 84% (79/94).

Reduction of plaque size was observed in six cases in the nontreatment group; however,
details were unclear because of a very short observation period. Surgical intervention was
performed in eight cases; however, ureteral injury occurred in two cases, and five cases
continued to be managed by stenting after surgery.

We then analyzed the parameters of patients that received glucocorticoid therapy to
identify a predictive biomarker. As shown in Table 2, patients were classified into three
groups according to overall effectiveness, and each parameter was compared statistically.
Median reduction rates were NC: 2.5% (range 0-15%), CR: 99.0% (range 92-100%), PR:
47.42% (range 15.2-90). As a result, serum concentration of IgG4 was significantly de-
creased in the NC group compared with the other two groups (Figure 2, p = 0.0059 and
0.0078, respectively).

Serum concentration (mg/dL) IgG4
2000 *k
[ oI
1800
% o
1600
1400
1200
1000
800 -T—
600
400
200 ;l T
1L
0 NC CR PR

Figure 2. Serum concentration of IgG4 in each group classified by response to glucocorticoid therapy.
Intergroup differences were analyzed using the Mann-Whitney U-test. A p value < 0.05 was consid-
ered statistically significant. IgG4, Immunoglobulin G4; sIL2-R, soluble interleukin-2 receptor; NC,
no change; CR, complete response; PR, partial response. * p = 0.0059; ** p = 0.0078.

ROC analysis was performed between nonresponder (NC, n = 11) and responder
groups (CR and PR, n = 60) to identify the cut-off value of serum IgG4 as a predictive
marker. ROC curve, cut-off value and area under the curve (AUC) are shown in Figure 3.
As a result, the cut-off value was 67.6 mg/dL, and AUC was 0.793. The values of sensitivity
and specificity were 0.85 and 0.636.

Elevation of antinuclear antibody was observed in 17.9% (7/39) of the patients (NC: 1,
CR: 1, PR: 5); however no statistical difference was observed. Other autoantibodies were
not analyzed in this study.

Contents of glucocorticoid therapy is shown in Table 3. Initial treatment period of
responder group, and maintenance treatment period of nonresponder group, seemed to be
higher; however, no significant differences were noted for each group.
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Table 2. Laboratory data in each group classified by response to glucocorticoid therapy.

NC CR PR
Median (Range) Mean + SD n Median (Range) Mean + SD n Median (Range) Mean + SD n
Age, years 65 (51-81) 65.3 + 8.9 15 65 (50-79) 66.1 7.6 13 65 (50-79) 68.7 + 8.9 66
WBC (x10°/L) 6815 (4980-13,490) 7637 + 2378 14 6900 (4900-11,100) 7139 + 2159 13 6750 (2490-16,700) 7143 + 2289 66
Hb (g/dL) 12.7 (8.9-14.1) 12.07 £ 1.78 15 11.9 (8-15.5) 12.2 4243 13 12.45 (8.6-18.7) 12.48 £ 1.9 66
Cre (mg/dL) 1.55 (0.68-14.03) 3.26 £4.32 15 1.08 (0.56-10.98) 1.83 £2.79 13 1.3 (0.59-14.2) 2.1£2.59 66
CRP (mg/dL) 0.91 (0.05-8.89) 3.07£3.72 12 0.51 (0.03-8.04) 1.61 £+ 0.69 13 1.37 (0.03-18.94) 246 £ 3.57 65
sIL2-R (U/mL) 1038.5 (243-1840) 1061.8 + 526.1 10 888 (500-1335) 899.4 £+ 271 9 819 (372-2361) 1027.7 + 560.7 42
IgG (mg/dL) 1613 (921.6-3268) 1679.1 + 620.7 12 1727 (982-4590) 2085.1 £+ 1198.4 7 1714 (859-3857) 2013.1 £+ 753 43
IgG4 (mg/dL) 56.6 (3.3-209) 93.8 £75.9 10 255 (81-729) 355.4 £251.2 8 206 (2-1810) 386.2 £ 437.5 51
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Figure 3. Receiver operating characteristic (ROC) curve analysis of IgG4levels. The area under the

ROC curve and cut-off value were calculated using responder group (n = 60) and nonresponder
group (n = 11) data. AUC, area under the curve.

Table 3. Contents of glucocorticoid therapy.

No Responder Responder p-Value
Initial treatment n=15 n=79
Median dose (IQR), mg/day 30 (26.25-30) 30 (25-40) 0.239
Median period (IQR), days 21 (14-49.3) 28 (14-35) 0.938
Maintenance treatment n=11 n =63
Median dose (IQR), mg/day 5 (2.5-5) 5 (5-5) 0.471
Median period (IQR), days 696 (135-979) 210 (111.8-720) 0.232

4. Discussion

In this study, we collaborated with 12 university and 8 related hospitals to collect
clinical data on 144 RPF patients. The study was a retrospective investigation; therefore, sta-
tistical analysis was problematic due to missing values (data) as well as differences among
hospitals in diagnostic and treatment strategies, and evaluation of outcomes. However,
recent real RPF treatment data in the Kyushu-Okinawa area was available, allowing this
retrospective study to include the largest number of Japanese patients to date.

Diagnosis of RPF was based on imaging studies performed by attending physicians
in each hospital with or without pathological diagnosis. The primary diagnostic finding
for inclusion was presence of fibrotic tissue in retroperitoneal lesion. Presence of ureteral
obstruction or inflammation were not required for inclusion.

In our study, mean age at diagnosis was slightly higher than that published in previous
reports [2-7]. Although this was not a population-based study, male predominance was
apparent with a male—female ratio of 5.1:1.0. The result was higher than that found in the
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literature [2-7]. As described below regarding risk factor of RPF, high incidence of smoking
history (56.5%, 61/108) and arteriosclerotic disease (35.2%, 38/108) in male RPF patients
may cause this (male predominance). A significant association between RPF and smoking
has been reported. In this case-control study, the risk was higher (odds ratio of 3.21) in
current smokers and former smokers (odds ratio of 2.93) compared with individuals with no
history of smoking [10]. Indeed, a high incidence (59.6%) of smoking history was observed
in our study, and the result is consistent with previous reports. RPF has been reported to
include chronic periaortitis, perianeurysmal fibrosis and inflammatory abdominal aortic
aneurysm, which suggests a meaningful correlation between arteriosclerotic disease and
RPF [2-6]. Compared with previous studies, the incidence of arteriosclerotic disease as
a comorbidity was high (32.8%), and the incidence of autoimmune disease was similar
(14.3%) in the current study [2-6]. In addition, results of 17 patients who were administered
aspirin and beta-adrenergic blocker may correlate with arteriosclerotic disease.

Outcome of iRPF in reduction of size and/or urinary tract improvement was evaluated
for a total of 126 patients in this study. As a result, glucocorticoid therapy achieved a
favorable response rate (84%), and ureteral stent was removed in 53.4% of the patients.
The response rate was slightly higher than previous reports [2-6]. The results indicate the
apparent efficacy of glucocorticoid, and that glucocorticoid therapy is a standard first-line
treatment for iRPF. As the next step, standardization of treatment protocol is necessary. In
the literature, the recommended treatment strategy is an initial dose of 0.6-1 mg/kg/day
of prednisolone for 2—4 weeks, with the dosage gradually tapered to 2.5-5 mg/day over a
period of greater than 6 months [2]. Tanaka et al. suggested the convenience of treatment
initiated with 0.6 mg/kg/day of prednisolone for 4 weeks, and then a 10% reduction
in dosage every 2 weeks for IgG4-related disease (IgG4RD) [5]. Indeed, median initial
dose was 30 mg for 26.5 days in the current study, and a total of 46% of the patients
started with 30 mg/day of prednisolone. The results of our study were similar to the
protocol for IgG4RD, and the efficacy seemed to be acceptable. No significant differences
were noted between responder group and nonresponder group in treatment dose and
period in both initial and maintenance phase. However, the maintenance treatment period
in nonresponder group seemed to be longer than in responder group, which suggests
unnecessarily prolonged treatment. A prospective study analyzing both efficacy and safety
would be helpful in establishing a standard protocol for iRPF.

Recently, the majority of idiopathic RPF has been classified as IgG4RD, and greater
than half of idiopathic RPF patients were reported to have been diagnosed with IgG4RD
by histological examination [4]. However, the exact pathophysiology is controversial
due to the fact that fundamental IgG4RD is a systemic disease, whereas RPF occurs in a
limited area of the retroperitoneum. Frequency of concurrent RPF in IgG4RD has been
reported as 3-19% [11], and approximately 60% of RPF is reported to be associated with
IgG4RD [12]. However, no systematic analysis of a large cohort to evaluate the association
with IgG4RD has been conducted. In the current study, only 7 cases were diagnosed
as IgG4RD by pathological analysis; however, a total of 69 patients were analyzed for
serum IgG4 concentration, and elevation (cut-off value of <125 mg/dL) was observed in
43 patients (62.3%).

According to the 2020 Japanese revised comprehensive diagnostic criteria for IgG4RD,
seven cases were diagnosed as “definite” for IgG4RD, and 36 patients are “probable” for
IgG4RD (retroperitoneal plaque and elevation of serum IgG4 concentration, cut-off value
of >135 mg/dL) [13]. Therefore, the possibility of IgG4RD being misdiagnosed as iRPF
remains. Although the treatment strategy is similar between iRPF and IgG4RD, pathological
finding is needed for a definitive diagnosis.

Interestingly, patients with high serum IgG4 concentration showed a favorable re-
sponse to glucocorticoid therapy. In spite of the limitation of our study, statistical signifi-
cance was observed. Although the exact number of potentially overlapped IgG4RD could
not be evaluated, serum IgG4 concentration may be a candidate as a predictive biomarker
of glucocorticoid therapy. In this study, acceptable AUC (0.793) was observed, and cut-off
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value was calculated as 67.6 mg/dL. However, the values of sensitivity and specificity
(0.85 and 0.636) might not be sufficient as cut-off levels. Further prospective examination is
recommended to clarify our result.

A tendency for high serum IgG and low sIL-2R concentration was also observed in
the favorable response group; however, no statistical significance was observed. Serum
sIL2-R was examined to rule out malignant lymphoma. As a result, increased serum level
was observed in 74.5%; however, the degree of increase was not significant compared with
that of malignant lymphoma [14]. RPF is also associated with inflammation. In addition,
infiltration of both B cells (and/or IgG4-positive plasma cell) and T cells has also been
confirmed pathologically. Therefore, the phenomenon may not be a disease-specific result;
however, our investigation revealed that this is the first time that elevated serum sIL2-R
level has been described in RPF.

Saireito is a traditional herbal medicine (Kampo medicine) with an anti-inflammatory
effect and is used for treatment of RPF in Japan [15]. Favorable efficacy for RPF without
severe adverse event has been seen in several case reports; however, exact cohort data
such as response rate are lacking. Mizoribine is an imidazole nucleoside [16]. Similar to
rituximab, the agent was also used for RPF expecting an immunosuppressive effect.

As mentioned above, limitations of our study are its being a retrospective investigation,
which created obstacles to accurate statistical analysis due to missing values (data), and
differences among hospitals in diagnostic and treatment strategies as well as evaluation
of outcomes.

5. Conclusions

We conducted a fact-finding study on 129 iRPF patients treated in the Kyushu-Okinawa
area of Japan. The majority of iRPF patients received glucocorticoid therapy and achieved
a favorable response. As a predictive biomarker of steroid treatment, pre-treatment
serum IgG4 concentration may be useful. The establishment of acceptable guidelines
is strongly recommended.
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