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Objective: Retroperitoneal fibrosis (RPF) is a rare disease characterized by the presence of fibroinflammatory tissue that surrounds the abdominal aorta and the iliac arteries and often entraps the ureters. Hydronephrosis is a common complication of RPF, however, its clinical features and outcomes have not been well elucidated.

Methods: A total of 115 RPF-related hydronephrosis patients have been recruited from 9 clinical centers in China since March 2010. They were followed up until death or September 2021, whichever came first.

Results: The mean age at diagnosis was 58.83 ± 12.13 years, and 80 patients (69.57%) were men. The median disease duration was 3.00 (1.00, 9.00) months. Renal impairment was observed in 88.35% of the patients, and 49.57% showed bilateral ureteral involvement. Elevated ESR and CRP were presented in 80.28 and 62.02% of the patients, respectively. Overall, 28.21% (11/39) of the patients had increased IgG4 levels, and 41.38% (12/29) showed positive pathological IgG4 staining (IgG4+/IgG+ ≥ 40% or IgG4+ ≥ 10/HPF). Among them, three patients were diagnosed as IgG4RD. After 60.43 ± 34.53 months of follow-up, 36 patients had poor prognosis, which was associated with severe kidney impairment, bilateral hydronephrosis and inflammation status (elevated ESR and IgG) at diagnosis by case–control study. eGFR and creatinine were independent risk factors after adjusting for all other significant associations (p = 0.002 and p = 0.067, respectively). Glucocorticoid-based therapy could reduce the time of stenting, decrease the need for long-term ureteral stenting/percutaneous nephrostomy (PNS)/ureterolysis, increase the rate of mass shrinkage, and reduce the new requirement of hemodialysis compared to surgery-only strategy for RPF-related hydronephrosis patients in need of renal drainage, but did not reduce new-onset renal atrophy.

Conclusion: Severity of kidney dysfunction and inflammation status were related to the poor prognosis of hydronephrosis induced by RPF. More efficient interventions and strategies are needed to further improve outcomes.
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Introduction

Retroperitoneal fibrosis (RPF) is a rare fibroinflammatory disease characterized by fibrous tissue proliferation in the retroperitoneum (1). Ureteral involvement has been recorded in as many as 70 ~ 80% of RPF patients, which can lead to acute or chronic renal failure and even end-stage renal disease (ESRD) due to obstructive uropathy (1).

The majority of RPF are idiopathic (2, 3), although they can be secondary to infections, malignancies, drugs, retroperitoneal hemorrhage, or various other disorders. Current treatment strategies for idiopathic RPF associated with hydronephrosis are to relieve obstruction (4–6) and suppress inflammation (1). However, Chronic Kidney Disease stage 3 or worse renal function has been reported in nearly half of idiopathic RPF patients (7), which is generally associated with RPF-related hydronephrosis.

To date, outcomes have been evaluated mainly on the recurrence of RPF. Relapse occurred in 17.6 ~ 72% of the RPF patients when medication attenuated or stopped, and its predictors had been elucidated in some studies (1, 7–10). However, the factors that affect outcomes of hydronephrosis caused by RPF have been rarely discussed (7). In this study, we analyzed 115 patients with retroperitoneal fibrosis-related hydronephrosis in a multi-center cohort of the Chinese population.



Materials and methods


Patients

A total of 115 patients diagnosed with idiopathic RPF with renal hydronephrosis were recruited from 9 clinical centers in China between March 2010 and September 2021. According to the comprehensive diagnostic criteria for immunoglobulin G4-related disease (IgG4-RD) published by Umehara et al. (11) in 2012, patients with or without IgG4-RD were included if they were not caused by secondary conditions: definite other connective tissue disease, infections, drugs, or malignancies, etc. The study was approved by the Research Ethics Committee of the Peking University International Hospital [ethics approval number: 2019–031 (BMR)].

Information such as age, gender, disease duration, clinical manifestations, treatments, and prognosis was recorded. Medications included glucocorticoids, immunosuppressants, biologics, and other anti-fibrotic drugs. Surgical interventions included placement of ureteral stents, percutaneous nephrostomy (PNS), and ureterolysis. All patients in the study were followed up until death or September 2021, whichever came first. A poor prognosis, as defined by outcomes resulting from RPF-related hydronephrosis, includes the need for long-term ureteral stenting/ PNS/ureterolysis, failure to improve hydronephrosis, new requirement for continued hemodialysis/peritoneal dialysis, no shrinkage of mass, disease recurrence, and new renal atrophy.



Laboratory tests, imaging, and histopathological examination

Laboratory tests comprised complete blood count (CBC), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), serum immunoglobulin (Ig) level, immunoglobulin G4 (IgG4) level, serum creatine, and estimated glomerular filtration rate (eGFR).

For those who underwent image examinations, including computed tomography (CT) or magnetic resonance imaging (MRI), the height, width, and thickness of the mass were measured. Shrinkage of mass is defined as the shortening of height, width, and thickness of the mass.

Formalin-fixed and paraffin-embedded sections were prepared and used for the histopathological examinations. Plasma cells containing IgG and IgG4 were stained by immunohistochemistry. The number of IgG4+ and IgG+ plasma cells and ratios of IgG4+/IgG+ were calculated. Diagnosis of IgG4-related RPF was defined as an IgG4+/IgG+ cell ratio >40% and more than 10 IgG4+ cells per high-power field.



Statistical analysis

SPSS software, version 26, was used for statistical analyses. Continuous variables are presented as the mean (SD) for a normal distribution or the median (interquartile range: 25th–75th percentile) for a non-normal distribution. Categorical variables are presented as frequencies. An independent sample t-test was used for pairwise comparison between groups of continuous variables with normal distribution and equal variance. The Wilcoxon rank-sum test was performed to analyze continuous data with a non-normal distribution. Categorical variables were tested using a chi-squared test. All variables with significant differences between the good and poor prognosis groups were selected and analyzed using multiple Cox regression. A two-sided p < 0.05 was considered significant for all statistical tests.




Results

A total of 115 patients from nine clinical centers diagnosed with RPF with hydronephrosis were enrolled in this study (Table 1). The mean age at diagnosis was 58.83 ± 12.13 years, and 80 patients (69.57%) were men. The median disease duration was 3.00 (1.00, 9.00) months. Back pain (46.87%) and abdominal pain (30.43%) were the most common complaints. Approximately half of the patients (49.57%) with RPF-related renal hydronephrosis showed bilateral ureteral involvement. More patients presented with left-sided hydronephrosis (29.57%) than right-sided (16.52%) in the remaining cases. Renal impairment was observed in 88.35% of the patients. Surprisingly, 59.13% of the patients had kidney function at CKD stage 3 or worse (eGFR<60 mL/min/1.73m2). In addition, 60% of patients had anemia. Elevated ESR and CRP were observed in 80.28 and 62.02% of these patients, respectively. In addition, 28.21% (11/39) of the patients had increased IgG4 levels, and 41.38% (12/29) showed positive pathological IgG4 staining (IgG4+/IgG+ ≥ 40% or IgG4+ ≥ 10/HPF). Among them, three patients were diagnosed with IgG4RD.



TABLE 1 Characteristics of RPF patients with hydronephrosis.
[image: Table1]

A total of 94 (81.74%) RPF patients with hydronephrosis received renal drainage, which was not required for the rest because of mild disease severity (Table 2). Stent implantation (67.83%) was the most common intervention. However, 13.43% of the patients needed 2 or more kinds of surgical treatments. Ureterolysis and percutaneous nephrostomy were performed in 11.30 and 7.83% of the patients, respectively. Glucocorticoid-based therapy was prescribed for 71.30% of the patients, and 33.40% of the patients were given corticosteroid-sparing agents (Table 2). Interestingly, the chosen medicine varied widely, including tamoxifen (13.04%), cyclophosphamide (11.30%), sirolimus (6.96%), mycophenolate mofetil (4.35%), azathioprine (3.48%), methotrexate (3.48%), and hydroxychloroquine (3.48%). A total of 12.17% of the patients needed 2 or more kinds of corticosteroid-sparing agents. Kidney function (serum creatine and eGFR), anemia, hyperglobulinemia (IgG), and inflammatory status (ESR) improved significantly after treatment (Figure 1).



TABLE 2 Interventions for RPF patients with hydronephrosis.
[image: Table2]

[image: Figure 1]

FIGURE 1
 Laboratory tests to assess the treatment outcomes of the RPF patients. Displayed are (A,B) kidney functions, (C,D) inflammatory markers, (E) IgG and (F) IgG4, (G) hemoglobin, and (H–J) changes of fibrous tissue mass, as measured in 63 patients with data before and after treatment. Ig, immunoglobulin.


According to the criteria described in the “Methods” section, 36 patients had a poor prognosis after 60.43 ± 34.53 months of follow-up. Sex, age, and disease duration were comparable between the two groups (Table 3). Severe kidney impairment and bilateral hydronephrosis at diagnosis were risk factors for poor prognosis, especially those with worse renal disease (eGRF<60 mL/min/1.73m2, 51.90 vs. 75%, p = 0.019). In addition, inflammation status of elevated ESR, hyperglobulinemia (IgG), and anemia were also associated with poor prognosis (Table 3). After adjustment in a multivariable Cox regression model, the eGFR and level of creatinine at diagnosis were regarded as prognostic factors (p = 0.002 and p = 0.067 respectively), rather than the level of ESR, CRP, IgG, HGB, or hydronephrosis. Although medical and surgical interventions were not related to prognosis in RPF patients with renal hydronephrosis, glucocorticoid-based therapy could reduce the need for long-term ureteral stenting/ PNS/ureterolysis (29.51 vs. 60.87%, p = 0.001, Table 4) and decrease the time of stenting [10.00 (6.00, 8.00) months vs. 36.00 (12.00, 97.00) months, p = 0.014] (Table 4) for hydronephrosis patients in need of renal drainage. In addition, hydronephrosis patients treated with glucocorticoid also benefited from medical treatment in terms of significant mass shrinkage (70.5 vs. 15.2%, p < 0.001) and low rate of hemodialysis (4.9 vs. 12.1%, p = 0.391). However, more patients in this subgroup developed new renal atrophy during the follow-up (11.5 vs. 3.0%, p = 0.038). More efficient interventions and strategies are needed to further improve outcomes.



TABLE 3 Risk factors of poor prognosis in RPF patients with hydronephrosis.
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TABLE 4 Outcomes of RPF-related hydronephrosis patients in need of renal drainage.#
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Discussion

In this study, we described the demographic, clinical, laboratory, imaging, and therapeutic features of 115 RPF patients with hydronephrosis in a multi-center cohort study of Chinese patients, as well as the prognosis after the intervention. Then, we explored risk factors for poor prognosis of hydronephrosis, which was found to be related to severe kidney impairment, bilateral hydronephrosis, and inflammation status of elevated ESR and IgG at diagnosis by a case–control study. eGFR and creatinine were identified as independent correlates after adjusting for all other significant associations. Finally, we found that glucocorticoid-based therapy could reduce the time of stenting, decrease the need for long-term ureteral stenting/ PNS/ ureterolysis, increase the rate of mass shrinkage, and reduce the rate of hemodialysis, but did not reduce new-onset renal atrophy. More efficient interventions and strategies are needed to further improve the outcomes of RPF patients with hydronephrosis.

RPF is a rare disease, and the idiopathic form is found in more than two-thirds of all cases (1). The remaining cases are secondary to different causes, such as drugs, infections, tumors, trauma, and radiotherapy (1, 4). Studies have demonstrated that ≤50% of idiopathic RPF cases are associated with IgG4-related diseases (2, 12). IgG4-related and -unrelated RPFs have similar demographic and laboratory characteristics, comparable mass location and thickness, and almost identical rates of ureteral involvement (12). Therefore, we recruited both IgG4-related and -unrelated RPFs.

Idiopathic retroperitoneal fibrosis is reported with an estimated prevalence of 1.4 cases/100,000 inhabitants (3). The male-to-female ratio is 2:1–3:1, and the mean age at onset ranges between 55 and 60 years (13). Ureteral obstruction occurs in approximately 60 ~ 90% of cases and often causes acute renal failure (14, 15). RPF patients with ureteral obstruction and hydronephrosis are prone to develop CKD, ESRD, and kidney atrophy (16). In this study, the prevalence of hydronephrosis, as well as the age and sex proportion, was comparable to those reported in previous studies. CKD stage 3 or worse renal function occurred in more than half of our patients (59.13%) at diagnosis, which is more severe than that reported in previous studies (7). In addition, 20% of the RPF-related hydronephrosis patients had a poor prognosis during follow-up. However, the exact risk factors have not been well-elucidated before. Our study showed that severe kidney impairment, bilateral hydronephrosis, and inflammation status (elevated ESR and IgG) at diagnosis were associated with poor prognosis. However, only severe kidney dysfunction (eGFR and creatinine) was regarded as an independent risk factor. Thus, prompt diagnosis at an early stage and efficient intervention to improve hydronephrosis and renal dysfunction are crucial for improving outcomes of hydronephrosis in RPF.

Treatment strategies for idiopathic RPF have been rather empirical and varied widely in clinical practice (16–26). Glucocorticoid-based medical treatment has been introduced to avert the progression and recurrence of fibrosis caused by inflammation (1). Stent implantation, PNS, and ureterolysis are common strategies to relieve ureteral obstruction (4–6). The success rate of ureteral stenting at the first step was reported to be successful only in 69–79% of the patients (5, 27). The need for using two or three surgical options in the same patient might be required over time (28). In this study, 14.3% of the patients needed more than 2 kinds of renal drainage. More than half (60.87%) of the patients treated with renal drainage alone needed long-term ureteral stenting/ PNS/ ureterolysis.

Medical treatment has been used to avert progression of the fibrosis caused by inflammation (1). Tamoxifen was a first-generation drug of RPF for its anti-fibroblastic effects (21, 28). Later in 2011, Vaglio et al. (1) reported in a randomized clinical trial that glucocorticoid monotherapy achieved better treatment outcomes than tamoxifen (25) and has since become the mainstay therapy for RPF. However, glucocorticoid monotherapy had limited effect as an initial treatment and a high relapse rate after its attenuation or discontinuation (1, 7, 27–29). Many immunosuppressants have been introduced, including methotrexate (26), mycophenolate mofetil (22, 23), and cyclophosphamide (18). However, no immunosuppressant has been shown to be superior to other options (27). We leveraged bioinformatic analysis to systematically interrogate the biological mechanisms of RPF and inferred that sirolimus was a potential drug for treating it (29). We then designed a therapy combining a gradual reduction of prednisone with a long-term stable dosage of sirolimus, which resulted in good efficacy and tolerance. Future controlled studies are needed to determine its superiority to traditional glucocorticoid monotherapy.



Conclusion

In this study, glucocorticoid-based medical treatment reduced the time of stenting, decreased the need for long-term ureteral stenting/ PNS/ureterolysis, increased the rate of mass shrinkage, and reduced the rate of hemodialysis compared to the surgery-only group. However, a greater proportion of patients treated with medication combined with renal drainage developed new renal atrophy, although the majority of the patients presented improvement in hydronephrosis after treatment. Our previous study showed that the onset of RPF is insidious and lacks specific initial symptoms (30). More importantly, hydronephrosis can even develop before the onset or recurrence of symptoms. Abdominal ultrasound at a regular checkup revealed hydronephrosis without any other symptoms in approximately 10% of the patients (31). The persistent presence of hydronephrosis may be associated with kidney atrophy (7). duration of ureteral stent placement in medication combined renal drainage group of this study may increase the insidious recurrence of hydronephrosis, which should be explored in future prospective studies. More efficient interventions and strategies, such as earlier ureterolysis and closer monitoring of the urinary tract through ultrasound, are needed to further improve renal outcomes.

There are several limitations in the current study. First, as a retrospective study, laboratory tests and imaging were not thoroughly assessed, especially those from the surgery department. Second, IgG4 staining and serum IgG4 tests were not routine pathological tests a decade ago, so it is not accurate to evaluate IgG4-related RPF in this study. Third, as a retrospective cohort study, the causal relationships observed in this study should be further evaluated in a large prospective study.
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Surgical treatment (N Combined treatment (N P-value

New-onset renal atrophy, n (%) 1(3.0%) 7(1.5%) 0038
Shrinkage of mass, # (%) 5(15.2%) 43 (70.5%) <0001
Long-term ureteral stenting/PNS/ureterolysis, 1 (%) 14 (60.87%) 18(29.51%) 0.001
Time of ureteral stenting, months 36,00 (12.00,97.00) 10.00 (6.0, 8.00) 0014
Hemodialysis, 1 (%) 4(12.1%) 3(4.9%) 0391

‘A total of 94 (81.74%) RPF patients with hydronephrosis were given renal drainage and analyzed in this table.
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Treatment Values

Glucocorticoids 82(7130%)

Corticosteroid-sparing agents 38 (33.40%)
Tamoxifen 15 (13.04%)
Cyclophosphamide 13 (11.30%)
Sirolimus 8(6.96%)
Mycophenolate mofetil 5(4.35%)
Hydroxychloroquine 4(3.48%)
Azathioprine 4(3.48%)
Methotrexate 4(3.48%)
Rituximab 3(261%)
Leflunomide 2(1.74%)
Tripterygium glycosides 2(1.74%)
Tacrolimus 1(0.87%)
22 kinds of drugs (Glucocorticoid not 14(12.17%)
included)

Surgical treatment, n (%) 94 (81.74%)
Stent implantation 78 (67.83%)
Ureterolysis 13 (1130%)
Percutaneous nephrostomy 9(7.83%)
Unknown surgery 13 (1130%)

22 kinds of surgical treatment 15 (13.43%)
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Characteristics Good prognosis (N = 79)

Male sex, 7 (%) 56 (70.89%) 24(6.67%) 0648
Age at diagnosis, years 5909+ 1193 582741271 0747
Disease duration, months 1025 +19.66 560779 0.175
Hydronephrosis

Unilateral 43 (54.43%) 10 (27.78%) 0002

Bilateral 31(39.24%) 26 (72.22%) 0.002

Unknown 5(6.33%) 0 -
Renal atrophy 11(13.92%) 7(19.44%) 0281
Renal dysfunction
&GER, ml/min/1.73 m2 59.46 £ 32.03 42.85 £ 29.00 0.007
CKD > stage 3, 1 (%)* 41/79 (51.90%) 27/36 (75.00%) 0019
Creatinine, umol/L. 17021 + 15808 255,61 422072 0042
ESR, mm/h 39.43 £ 29.40 61272931 0005
Increased ESR, 1 (%) 36/49 (73.47%) 21/22(95.45%) 0031
C-reactive protein, mg/dl 2454369 3142302 0414
Increased CRE, 1 (%) 31/53 (58.49%) 18/26 (69.23%) 0355
Hemoglobin, g/L 113,13 22548 10543 £ 2024 013
Decreased HGB, 1 (%) 42179 (53.16%) 27136 (75.00%) 0027
IgG, g/l 1445+ 462 15.41£430 0396
Elevated IgG, 1 (%) 13/49 (26.53%) 12123 (5217%) 0033
1gG4, g/l 243 £3.60 158134 0.402
Elevated IgGd, 1 (%) 6/25(24.00%) 5/14 (35.71%) 0435
Positive pathological 1gG4, 1 (%)" 7115 (46.67%) 5/14 (35.71%) 0924
Treatment

Glucocorticoids (with or without surgery) 59 (74.68%) 23(63.89%) 0235

Surgery (without glucocorticoids) 20(25.32%) 13.(36.11%) 0235

‘CKD stage 2 3: CKD 3, CKD 4, and CKD 5, eGFR<60 mL/min/1.73m’. "IgGa+/1gG + 240% or IgGd + 210/HPE.
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Characteristics Values

Men, n (%) 80(69.57%)
Age at diagnosis, years old 58831213
Disease duration, months 3.00 (100, 9.00)
Department, n (%)
Internal medicine department 40 (34.78%)
Surgical department 75 (65.22%)
Clinical manifestations
Back pain, 1 (%) 53 (46.87%)
Abdominal pain, 7 (%) 35 (30.43%)
Lower limb edema, n (%) 14(1217%)
Abdominal distension, 1 (%) 119.57%)
Nausea, 1 (%) 11(9.57%)
Urethral irritation, 1 (%) 10 (8.70%)
Dysuria, n (%) 9(7.83%)
Vomiting, 1 (%) 8 (6.96%)
Fatigue, 1 (%) 5(4.35%)
Narration, n (%) 5(4.35%)
Constipation, 1 (%) 4(3.48%)
Fever, n (%) 1(087%)
Hydronephrosis
Left 34(29.57%)
Right 19 (16.52%)
Bilateral 57 (49.57%)
Unknown, 5(435%)
Renal atrophy 18 (15.65%)
Renal dysfunction
Creatinine, umol/L. 196.94 £ 183.40
Increased creatinine, n (%) 88 (76.5%)
e-GER, ml/min/1.73m* 542643194
Decreased eGFR, 1 (%) 97 (88.35%)
CKD stage 1, (%)° 18 (16.65%)
CKD stage 2, 1 (%) 29(25.22%)
CKD stage 3, 1 (%) 36 (31.30%)
CKD stage 4, 1 (%) 21 (18.26%)
CKD stage 5, 1 (%) 11(9.57%)
ESR, mm/h 4620 +3089
Increased ESR, 1 (%) 57/71 (80.28%)
C-reactive protein, mg/dl 14923275
Increased CRP, 1 (%) 49179 (62.02%)
Hemoglobin, g/l 11072+ 24.14
Decreased HGB, n (%) 69/115 (60.00%)
15G gL 1476 451
Increased IgG, (%) 25/72(34.72%)
IgGa, gL 214303
Increased IgGd, 1 (%) 11739 (28.21%)
Positive pathological IgG4 staining, 1 (%)" 12/29 (41.38%)

‘CKD stage 1: ¢GFR 2 90 mL/min/1.73m’s CKD stage 2: €GFR60-89 ml/min/1.73m’; CKD
stage 3: €GER30-59 mL/min/1.73m’; CKD stage 4: eGFR15-29 mL/min/1.73m’; CKD stage
2: €GFR<15 mL/min/1.73m’; "gGA+/1gG + 240% or IgGd + 210/HPE
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