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Abstract

Objective: We investigated renal injury characteristics in Chinese patients with systemic scle-
rosis (SSc) who had undergone renal biopsy.

Methods: We searched the medical records of patients with SSc who were hospitalized at
Peking Union Medical College Hospital between January 1990 and August 2019. We analyzed
the clinical characteristics and pathological results of these patients.

Results: We identified 25 patients who had undergone renal biopsy. Of these patients, 10 had
scleroderma renal crisis (SRC); one underwent renal biopsy twice (for diffuse mesangial proliferative
glomerulonephritis and for SRC); two had antineutrophil cytoplasmic antibody-associated glomeru-
lonephritis; one had immunoglobulin M nephropathy; one had minimal change nephropathy; seven
had lupus nephritis; one had scleroderma renal crisis with comorbid lupus nephritis; and two had
drug-related kidney injury (caused by aristolochic acid in one and D-penicillamine in the other). Acute
tubular necrosis was observed in the patient taking oral aristolochic acid, while minimal change
nephropathy was observed in the patient with D-penicillamine-induced renal injury.
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Conclusions: SRC was the most commonly encountered renal damage in patients with SSc.
We recommend biopsy for patients undergoing treatment for SRC who have persistent renal
injury with proteinuria, regardless of hematuria. Rheumatologists in Eastern countries should be

aware of aristolochic acid nephropathy.
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Introduction

Systemic sclerosis (SSc) is a type of chronic
autoimmune disease that is characterized by
fibrosis and vasculopathy. Approximately
60% to 70% of patients with SSc have renal
injury." Prior studies in this area have focused
on scleroderma renal crisis (SRC) because of
its progressive pathology and life-threatening
outcome. The use of captopril for treatment
of SRC has significantly improved the prog-
nosis of patients with SRC? and many inves-
tigations have been performed regarding the
diagnosis and management of SRC.* Renal
damage in SSc has also been reported to man-
ifest as proteinuria, albuminuria, reduced
renal filtration rate, autoantibody-related
glomerulonephritis, and drug-related side
effects; hence, renal biopsy constitutes an
important examination for the diagnosis of
SSc, as it may provide insight into the possi-
ble pathogenesis of SSc in affected patients.’
Because ethnicity-related differences have
been reported in demographic features, auto-
antibody types, and clinical courses of
patients with SSc,”® the present study inves-
tigated the kidney histopathology features of
Chinese patients with SSc.

Patients and methods

Patient selection and diagnostic criteria

The ethics committee of Peking Union
Medical College Hospital approved this

study protocol (approval number: S-191).
All included patients provided written
informed consent. We did not have access
to information that could identify individual
participants, during or after data collection.
We reviewed the data of patients with SSc
who were hospitalized in our center from
January 1990 to August 2019. We identified
patients who had undergone renal biopsy
and analyzed their clinical and laboratory
data at baseline. Clinicians could encounter
renal injury due to comorbid connective
tissue disease in patients with SSc; therefore,
patients with SSc who had comorbid con-
nective tissue disease were also included in
this investigation. All included patients met
both the 1980 and 2013 American College of
Rheumatology (ACR)/European League
Against Rheumatism (EULAR) criteria for
the classification of SSc.””!° Of note, one
patient initially met the criteria for SSc sine
scleroderma.'' During follow-up, skin thick-
ening of the fingers in both hands occurred,
supporting a definite diagnosis of SSc. The
definition of SRC in this study was based on
the guidelines proposed by the United
Kingdom Scleroderma Study Group.’
Patients were followed up by outpatient
clinic visits or via telephone.

Review of renal biopsy sections

The interpretation of pathological renal
biopsy was composed of three parts: light
microscopy, immunofluorescence, and
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electron microscopy. The operational details
are provided in our previous publication;'?
briefly, percutaneous renal biopsy was per-
formed with ultrasound guidance. The path-
ological sections were reviewed by two
independent pathologists who specialize in
kidney diseases. If their findings were con-
flicting, the final pathological result was
determined by discussion among a panel of
pathologists.

Data analysis

All data analyses were performed using
IBM SPSS Statistics for Windows, version
19.0 (IBM Corp., Armonk, NY, USA).
Categorical variables are expressed as num-
bers and percentages. The normality of the
data distribution for continuous variables
was assessed using the Kolmogorov—
Smirnov test. Variables for which distribu-
tions were not normal are presented as
medians (ranges), whereas variables with
normal distributions are presented as
means =+ standard deviations.

Results

Baseline characteristics of included
patients

We reviewed the data of 1071 patients with
SSc who were hospitalized in our center
from January 1990 to August 2019. Of
these 1071 patients, 25 had undergone
renal biopsy and were included in
this study. As shown in Table 1, 18 of the
patients were women. The patients ranged
in age from 14 years to 54 years (mean age,
37.8 years). The disease duration ranged
from 0 years to 23 years (median disecase
duration, 4 years). The urine protein excre-
tion within 24 hours varied from 0.3g to
29.29 g. The median estimated glomerular
filtration rate of all patients was 27.60 mL/
(min-1.73m?) (interquartile range, 13.52—
93.42mL/(min-1.73m?). Fundus lesions

Table |I. Demographic and clinical characteristics
of 25 Chinese patients with systemic sclerosis who
underwent renal biopsy during the study period.

Characteristic n (%)
Sex (female) 18 (72.0)
Diffuse cutaneous scleroderma Il (44.0)
Limited cutaneous scleroderma 4 (16.0)
SSc sine scleroderma | (4.0)
SSc overlap syndrome 9 (36.0)

Disease duration (years) 4

Raynaud’s phenomenon 18 (72.0)
Fingertip ulcer 7 (28.0)
Arthritis 7 (28.0)
Gastrointestinal involvement 17 (68.0)
Interstitial lung disease 16 (64.0)
Cardiac involvement 19 (76.0)
Antinuclear antibody (+) 25 (100.0)
Anti-Scl-70 antibody (+) 9 (36.0)
Anti-centromere antibody (+) 0 (0.0
Anti-SSA antibody (+) 6 (24.0)
P-ANCA? 2 (8.0)
MPO-ANCA® 2 (8.0)
Elevated erythrocyte 16 (64.0)

sedimentation rate

?Detected by indirect immunofluorescence.

PExamined by enzyme-linked immunosorbent assay.
Abbreviations: SSc, systemic sclerosis; P-ANCA, perinu-
clear anti-neutrophil cytoplasmic antibodies; MPO-
ANCA, myeloperoxidase antineutrophil cytoplasmic
antibodies.

related to hypertension occurred in six
patients. The gastrointestinal system was
involved in 17 patients. Antinuclear anti-
bodies were present and anticentromere
antibodies were absent in all patients,
based on serum immunological examina-
tions. Renal damage due to antineutrophil
cytoplasmic antibody (ANCA)-associated
vasculitis was observed in two patients; fur-
ther laboratory tests revealed the presence
of myeloperoxidase~ANCA in these two
patients. The clinical features of patients
with SSc who had SRC are summarized in
Tables 2 and 3. There were three men and
eight women with SRC; their median dura-
tion of disease was 1 year.
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Manifestations of renal pathology

Multiple patterns of renal pathology were
found in this study, including SSc-related
renal injury (n = 16; Table 4), lupus nephri-
tis (LN; n=7), and drug-associated renal
impairment (n=2; caused by Aristolochiae
fructus in one patient and penicillamine in
the other). Notably, percutaneous renal
biopsy was performed twice in three

Table 2. Summary of the clinical characteristics of
I'l Chinese patients with systemic sclerosis who
had scleroderma renal crisis.

Clinical manifestation n (%)

Diffuse cutaneous scleroderma 7 (63.6)
Limited cutaneous scleroderma 3(27.3)
Systemic sclerosis overlap syndrome 1 (9.09)
Raynaud’s phenomenon 5 (45.5)
Hypertensive retinopathy 5 (45.5)
Oliguria 4 (364)
Nocturia 2 (18.2)
Interstitial lung disease 6 (54.5)
Pleural effusion 3(27.3)
Gastrointestinal involvement 6 (54.5)
Cardiac involvement 9 (81.8)

patients (Table 5); among these three
patients, two exhibited LN twice. Changes
in the pathologic type of LN were observed
in these two patients. The renal pathologi-
cal patterns of the remaining 22 patients are
demonstrated in Table 6. Importantly,
thrombotic microangiopathy was observed
in all patients with SRC. An “onion skin”
appearance was present, in combination

Table 4. Clinical diagnosis of renal impairment in
16 Chinese patients with systemic sclerosis who
exhibited renal damage caused by scleroderma.

Clinical diagnosis of renal impairment n (%)
SRC 9 (56.3)
SRC + lupus nephritis I (6.3)
ANCA-related glomerulonephritis 2 (12.5)
Diffuse MesPGN + SRC 1? (6.3)
Other 3(18.8)

?Patient underwent renal biopsy twice; diffuse mesangial
proliferative glomerulonephritis was observed in the first
renal biopsy and scleroderma renal crisis was revealed in
the following renal biopsy.

Abbreviations: SRC, scleroderma renal crisis; ANCA,
antineutrophil cytoplasmic antibody; MesPGN, mesangial
proliferative glomerulonephritis.

Table 3. Individual clinical characteristics of |1 Chinese patients with systemic sclerosis who had sclero-

derma renal crisis.

Disease Blood 24-hour

Patient course pressure Serum Cr  Abnormal urinary Hg Anti-scl-70
No. Sex (months) (mmHg) (umol/L) fundus protein (g) (g/L) antibody
| F 48 220/110 998.9 + 0.65 104 +

2 F 10 190/130 651.5 + 0.87 82 +

3 M 12 180/130 1664.5 — 1.5 96 +

4 F | 230/110 195 + 0.3 116 -

5 F 60 190/120 259 + 4.53 82 -

6 F 8 220/120 715 — 1.9 96 +

7 F 228 200/130 294 — 3.67 96 —

8 F 48 170/110 254 — I 116 -

9 M 4 190/110 420 — 1.67 67 +
10 M 5 170/100 626 — 0.9 120 —
I F 19 160/110 273 — 0.95 129 —

Abbreviations: Cr, creatine; Hg, hemoglobin; F, female; M, male.
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Table 5. Consecutive renal biopsy findings of three Chinese patients with systemic
sclerosis who underwent percutaneous renal biopsy twice.

Patient No. First renal pathology Second renal pathology

| Diffuse mesangial Scleroderma renal crisis
proliferative and malignant hypertension
glomerulonephritis

2 IV lupus nephritis IV and V lupus nephritis

3 V lupus nephritis Ill and V lupus nephritis

with luminal stenosis, endothelial edema and
proliferation, intimal mucoid change and
edema, erythrocyte fragments within the
arterial vessel wall, interlobular artery fibri-
noid necrosis, ischemic glomeruli, hyalinosis
in small arteries, and thrombi. The prolifer-
ation of arteriole elastic fibers, which exhib-
ited an “onion skin” concentric appearance
with luminal stenosis, was the most common
manifestation in patients with SRC.

Among three patients with SSc, the fol-
lowing pathological findings were observed:
mesangial proliferative glomerulonephritis
in one patient, immunoglobulin M
nephropathy in one patient, and minimal
change nephropathy in one patient. In the
patient who had mesangial proliferative
glomerulonephritis, deposition of IgG in
the glomerular basement membrane and
deposition of fine-particle immune com-
plexes in the tubular basement membrane
were detected by immunofluorescence.
Depositions of IgA, IgM, C3, C4, Clq, hep-
atitis B surface antigen, and fibrin were not
detected in the patient. The patient was also
negative for serum hepatitis B surface anti-
gen. The renal pathology of two patients
with drug-associated renal impairment
included A. fructus-related acute tubular
necrosis in one patient and penicillamine-
related minimal change nephropathy in the
other patient. Light microscope analysis
revealed that the patient with A. fructus-
related renal lesions also exhibited mesangial
proliferative glomerulonephritis accompa-
nied by focal sclerosis.

Table 6. Kidney pathology in the remaining 22
Chinese patients with systemic sclerosis who did
not undergo percutaneous renal biopsy twice.

Kidney pathology n (%)
Scleroderma renal crisis 9 (40.9)
Scleroderma renal crisis | (4.5)
and Il lupus nephritis
Ill Lupus nephritis 1 (4.5)
IV Lupus nephritis 2 (9.1)
V Lupus nephritis 1 (4.5)
IV 4V Lupus nephritis I (4.5)
Acute tubular necrosis complicated | (4.5)
with mesangial proliferative
glomerulonephritis (aristolochic
acid nephropathy)
Drug-associated minimal 1 (4.5)
change nephropathy
Minimal change nephropathy | (4.5)
Pauci-immune crescentic 2 (9.1)
glomerulonephritis
Mesangial proliferative 1 (4.5)
glomerulonephritis
IgM nephropathy | (4.5)

Treatment and outcome

Angiotensin-converting enzyme inhibitors
(ACEIs) were preferentially used to control
the blood pressure of 11 patients with SRC,
including the patient with concurrent SRC
and LN. The ACEI full dose was equivalent
to 200 mg of captopril per day. If blood
pressure was not managed well, other anti-
hypertensive drugs were added (e.g., angio-
tensin receptor blockers, calcium channel
blockers, or beta blockers). Two of the
11 patients were lost to follow-up. For the
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remaining nine patients, renal function
was recovered in two; four were stable and
did not require dialysis. Finally, two
patients died and one patient underwent
regular dialysis.

The two patients with ANCA-related
glomerulonephritis received large doses of
glucocorticoids (GCs) and cyclophospha-
mide. During follow-up, one patient exhib-
ited mildly elevated serum creatinine, while
the other patient underwent dialysis.
Among the three patients who had diffuse
mesangial proliferative glomerulonephritis,
immunoglobulin M nephropathy, or mini-
mal change nephropathy (each had a differ-
ent disease), all were treated with GCs and
immunosuppressants  (cyclophosphamide
and methotrexate). The adjuvant drugs
included ACEIs and angiotensin receptor
blockers. The patients’ conditions improved
after treatment. The seven patients with
LN were administered large doses of GCs
and immunosuppressive agents (i.e., cyclo-
phosphamide, mycophenolate mofetil, leflu-
nomide, or cyclosporin A). One patient
underwent dialysis and the remaining six
patients were stable.

A. fructus treatment led to drug-related
renal damage in one patient; this patient
began dialysis and stopped taking A. fructus
at the onset of renal damage. The patient was
also treated with GCs, ACEIs, and angioten-
sin receptor blockers. After 14 years of
follow-up, the patient discontinued dialysis
and had a serum creatinine level of
170 pmol/L. D-penicillamine treatment led
to drug-related renal damage in one patient;
this patient stopped taking D-penicillamine
shortly after the renal damage was observed.
After treatment with GCs, cyclophospha-
mide, and ACElIs, this patient recovered
normal renal function.

Discussion

The main types of kidney involvement in
patients with SSc are SRC, chronic kidney

disease, and  inflammatory  kidney
damage.” A recently published study dem-
onstrated that SRC, nephrosclerosis, and
tubulointerstitial nephritis were the primary
renal pathological changes in Japanese
patients with SSc.'* Other acute renal com-
plications may also occur, especially in
patients with SSc and comorbid SLE. The
present study constituted a preliminary
investigation of the pathological character-
istics of Chinese patients with SSc who had
undergone renal biopsy.

The recognition of SRC has improved
over time. It is most likely to occur in
women and in patients with rapidly progres-
sive diffuse cutaneous SSc, within the first 3
to 5 years from disease onset.'> ! Elevated
blood pressure and serum creatinine
increased the risk of death in patients with
SRC.">!'® In the present study, all 11 patients
with SRC had elevated blood pressure and
serum creatinine at baseline; in most
patients, blood pressure could be controlled
to normal with ACEIs, while other patients
required treatment with additional antihy-
pertensive drugs in some patients. Two
patients had died by the end of the follow-
up period. Renal function recovered to vary-
ing degrees in six of the 11 patients.

An underlying cause of acute renal fail-
ure in some patients with SSc is ANCA-
associated glomerulonephritis, which can
lead to rapidly progressive glomerulone-
phritis."”” The incidence of ANCA-related
vasculitis in patients with SSc is low.
Additionally, 77% to 83% of patients with
SSc exhibit acute renal insufficiency with
normal or slightly elevated blood pressure.
These patients exhibit proteinuria, which
may indicate the onset of nephrotic syn-
drome; they may also exhibit active urinary
sediment.  Microangiopathic ~ hemolytic
anemia has not been observed in patients
with SSc who had ANCA-associated glo-
merulonephritis.'>* In the present study,
two patients exhibited ANCA-associated
glomerulonephritis, which manifested as
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rapidly progressive glomerulonephritis. Both
patients demonstrated anti-myeloperoxidase
antibodies. D-penicillamine has been
reported to induce ANCA-related vasculitis
in patients with Wilson’s disease.>'*
However, the two patients with ANCA-
associated glomerulonephritis denied prior
treatment with D-penicillamine. In this
study, we found that one patient had been
diagnosed with SSc sine scleroderma;
Raynaud’s phenomenon had been present
for 5 vyears. Laboratory examination
showed positive anti-Scl-70 antibody. In
addition, renal damage, pulmonary intersti-
tial fibrosis, esophageal dilation, and intesti-
nal malabsorption were present. The
treatment for these two patients with
ANCA-associated glomerulonephritis  dif-
fered from the treatment for patients with
SRC. High doses of GCs, cyclophospha-
mide, and rituximab could induce and
maintain remission in most patients with
ANCA-associated  glomerulonephritis;*>**
moreover, renal pathology could provide
valuable information to guide the differen-
tial diagnosis.

Salomon et al. reported that minor and
nonspecific renal changes were ubiquitous in
patients with scleroderma, even in subclini-
cal forms.>® Mesangial proliferative glomer-
ulonephritis, immunoglobulin M
nephropathy, and minimal change nephrop-
athy were present in our patients.
Membranous glomerulonephritis has been
reported in patients with SSc,”® but this
type of renal damage was not present in
our patients. Interestingly, we identified a
patient who had LN and comorbid SRC.
A prior report also described a patient with
SSc and comorbid SLE, in whom LN was
observed at the early stage of disease, fol-
lowed by the occurrence of SRC. The pre-
cipitating factor was the usage of high-dose
steroid treatment for LN,?” which was con-
sistent with the clinical history of the patient
in our study. Furthermore, changes in the
pathologic type of LN were observed in

two patients. In clinical practice, physicians
should be cautious when differentiating
between SRC and an LN flare. Early inter-
vention is critical in patients with SRC. In
our study, patients with SSc who had
delayed confirmation of renal crisis were
found to present with significantly greater
impairment of renal function, compared
with patients with SSc who had an different
renal pathology (e.g., LN). Therefore, rapid
ACEI initiation and control of hypertension
are essential in patients with SSc who pre-
sent with severe acute kidney injury.

Aristolochic acid caused acute tubular
necrosis in one patient in this study,
while D-penicillamine caused minimal
change nephropathy in another patient.
Aristolochic acid nephropathy was first rec-
ognized in the early 1990s. The pattern
of aristolochic acid nephropathy kidney
injury in our patient was consistent with
that reported in previous literature.”®
Renal damage caused by D-penicillamine
in patients with SSc has been previously
reported; it can manifest as Goodpasture-
like syndrome or proteinuria.”=° In
our study, D-penicillamine-related renal
damage manifested as nephrotic syndrome.
Minimal change nephropathy was con-
firmed by renal biopsy. Our findings suggest
that D-penicillamine- and aristolochic acid-
related renal injuries are not rare in patients
with SSc. Rheumatologists in Eastern coun-
tries should be aware of these disease enti-
ties, especially in patients from rural areas
who have a history of taking traditional
Chinese medicine. Our findings demonstrat-
ed that treatment with GCs and/or immuno-
suppressants might be suitable for patients
with SSc¢ who have D-penicillamine- or aris-
tolochic acid-related renal damage.

The primary limitation of this study was
its small sample size. A large-scale study
regarding the pathological features of SSc
in kidney biopsy is warranted to confirm
our conclusions. Because renal biopsy was
typically performed when patients had an
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unclear initial diagnosis, the findings in our
study may not reflect the overall renal
involvement in patients with SSc.

In conclusion, we observed various types
of renal lesions in patients with SSc. SRC
was the most prevalent manifestation. LN,
ANCA-associated glomerulonephritis, aris-
tolochic acid-induced renal lesions, and
D-penicillamine-induced renal lesions were
also present in these patients; these types of
injuries can cause symptoms similar to
those of SRC. Distinguishing between
SRC and the other types of lesions is critical
because of the distinct management
approaches. Our findings suggest that, if
an etiological diagnosis of SSc renal
damage is uncertain, renal biopsy should
be performed to confirm the diagnosis and
exclude other potential causes.
Additionally, we recommend biopsy for
patients undergoing treatment for SRC
who have persistent renal injury with pro-
teinuria, regardless of hematuria.
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