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Abstract

Obijective: To investigate the clinical features, pathological renal findings, and outcomes in young
adults with anti-neutrophil cytoplasmic antibody (ANCA) seropositivity.

Methods: Adults aged <35 years, with ANCA seropositivity, who underwent renal biopsy and
received treatment comprising a combination of corticosteroids and cyclophosphamide between
January 2004 and May 2018, were retrospectively enrolled.

Results: Thirteen patients with ANCA seropositivity were included, all of whom presented with
kidney disease at diagnosis: 10 (76.9%) with ANCA-associated pauci-immune glomerulonephritis,
one with ANCA-associated crescentic glomerulonephritis with immune complex deposition, one
with immunoglobulin A nephropathy, and one with membranous nephropathy. The median serum
creatinine level was 183.2 umol/l (range, 55.0-1024.0 umol/l). Respiratory symptoms (9/13
[69.2%]) and nonspecific gastrointestinal symptoms (5/13 [38.5%]) were the most common
extrarenal manifestations. Remission was achieved in 10 (91%) of | | ANCA-associated nephritis
cases, and median interval from diagnosis to relapse was 30 months (range, 9-63 months).
Cumulative relapse-free survival rates at | and 5 years were 100% and 88.9%, respectively.
Overall, |-year and 5-year renal survival rates were 80.8% and 58.9%, respectively.
Conclusion: Renal histopathology varied in young adults with ANCA seropositivity. Although
relapse rates in this young adult population were generally low, long-term renal survival rates
remain unsatisfactory.

Corresponding author:

Wenge Li, Department of Nephrology, China-Japan
Friendship Hospital, 2 East Yinghuayuan Street, Chaoyang
Department of Nephrology, China-Japan Friendship District, Beijing 100029, China.

Hospital, Beijing, China Email: wenge_lee2002@ |26.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-4749-1009
mailto:wenge_lee2002@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605221078097
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

ANCA, young adults, histopathology, prognosis, ANCA-associated nephritis, remission

Date received: 14 August 2021; accepted: 12 January 2022

Introduction

The incidence of anti-neutrophil cytoplas-
mic antibody (ANCA)-associated vasculitis
(AAYV), a common condition of the elderly,
increases with age."> AAV exhibits variable
manifestations that are often unpredictable
and potentially life-threatening,® and the
disease frequently affects the kidneys.*
Renal involvement is an important factor
in patient morbidity and mortality.’

Since the 1970s, a combination of corti-
costeroids (CS) and cyclophosphamide
(CYC) has been used to induce remission
in AAV.® transforming the outcome of
this condition from an 80% 1-year mortal-
ity rate in untreated patients to remission in
more than 90% of affected patients.” The
dose of CYC is recommended to be adjust-
ed for age due to an increased risk of
adverse events.>® '?

An increased risk of death and end-stage
renal disease (ESRD) has been reported in
older patients with AAV.''"'3 However,
data regarding clinicopathological features
and outcomes in younger age groups are
limited, as AAV rarely affects young indi-
viduals. Whether clinical characteristics and
outcomes of AAV differ between young
adults and older individuals remains
unknown. The aim of the present study
was to examine young adult Chinese
patients with AAV to characterize these
rare cases and investigate their outcomes.

Patients and methods

Study population and setting

In this single-centre, retrospective, observa-
tional study, consecutive young adults with

AAYV, who received treatment at the China-
Japan Friendship Hospital, Beijing, China,
between January 2004 and May 2018, were
identified from data within the China-
Japan Friendship Hospital electronic medi-
cal record system. Patients were eligible for
inclusion if they were aged <35 years at
diagnosis; had undergone renal biopsy;
had positive serum ANCA findings; and
had undergone treatment with a combina-
tion of CS and CYC to induce remission.
Any patient with eosinophilic granulomato-
sis with polyangiitis was excluded because
AAV and eosinophilic granulomatosis
with polyangiitis are presumed to have
distinct clinical outcomes.®'* Patients with
double-seropositivity for ANCA and anti-
glomerular basement membrane (GBM)
antibodies were also excluded.

The study protocol adhered to the
Declaration of Helsinki and was approved
by the ethics committee of the China-Japan
Friendship Hospital (2021-113-K71). All
patient data were deidentified for this
study, and the reporting of the study con-
forms to STROBE guidelines.'> As this was
a retrospective observational study of dei-
dentified data, patient informed consent
was not required.

Data collection

The following data were retrospectively
extracted from the China-Japan
Friendship Hospital Electronic Medical
Record System: date/patient age at diagno-
sis; date/patient age at biopsy; sex; comor-
bidities; duration of symptoms prior to
diagnosis; organ system involvement at dis-
ease onset; relevant laboratory data at diag-
nosis, including ANCA serotype, C-reactive
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protein, serum creatinine (at diagnosis or
before initiation of dialysis for patients
who needed acute dialysis during the first
hospital admission), 24-h urinary protein
excretion, serum albumin and haemoglobin
levels; histopathology; radiological exami-
nations; relapses; treatment at time of diag-
nosis and relapse; and mortality data,
including likely cause of death and comor-
bidities that may have contributed towards
death. Disease activity at diagnosis,
assessed according to the Birmingham
Vasculitis Activity Score version 3,'® was
retrospectively computed by the same inves-
tigator (SJ). ANCA serotype was evaluated
by indirect immunofluorescence or antigen-
specific enzyme linked immunosorbent
assay, as previously described.!”

Renal biopsy specimens were evaluated
using light microscopy, immunofluores-
cence staining, and electron microscopy.
The investigators (SJ and GZ) recorded
and classified the lesions according to the
pathological description. The total number
of glomeruli was defined as the maximum
number of glomeruli in one tissue section
(per case), excluding incomplete glomeruli
on the edge. Normal glomeruli included
glomeruli with minor mesangial or ischemic
changes that did not exhibit significant pro-
liferation, scarring, or crescent formation.
‘Cellular’ crescents were defined according
to the presence of purely cellular lesions, or
lesions with cellular components. Renal his-
topathology was grouped into four classes,
based on the International Working Group
of Renal Pathologists criteria:*® focal
(>50% normal glomeruli), crescentic
(>50% glomeruli with cellular crescents),
mixed (<50% normal, <50% crescentic,
<50% globally sclerotic glomeruli) and
sclerotic (>50% globally sclerotic glomeru-
li). The intensity of immunofluorescence
staining of immunoglobulin and comple-
ments deposits was graded using a semi-
quantitative method on a scale of 0—4+.
When the staining was detected at

>14 (seemingly visible at low magnifica-
tion but clearly visible at high magnifica-
tion), it was regarded as positive.

Data parameters and definitions

Renal involvement was defined according
to the presence of haematuria (macroscopic
or microscopic, red blood cell casts) or pro-
teinuria (24-h urinary protein excretion
>150mg), an elevated serum creatinine
level (out of reference range, >106 umol/l)
attributable to the disease, or histological
evidence of pauci-immune necrotizing and/
or crescentic glomerulonephritis. Lung
involvement was considered likely in the
presence of pulmonary hemorrhage;'® respi-
ratory failure; or radiographic evidence of
infiltrates, nodules, or cavities without
infection. The date of diagnosis was defined
as the initiation of treatment with predni-
sone >30mg/day, plasma exchange, or
CYC; or day of biopsy, if never treated;
or day of the first positive ANCA test
result, if biopsy was not performed.
Diagnoses were confirmed by reviewing
patient records. Renal replacement therapy
at presentation was defined as the need for
acute dialysis during the first hospital
admission. The estimated glomerular filtra-
tion rate (¢eGFR) was calculated for each
patient at the time of diagnosis using the
Chronic Kidney Disease Epidemiology
Collaboration creatinine equation.'’

Treatment regimens

Standard AAV treatment at the China-
Japan Friendship Hospital during the
study period comprised the following:
Initiation of oral CS at a starting dose of
1.0 mg equivalent prednisone/kg/day (max-
imum 60 mg/day) for 4-6 weeks; Tapering
of CS after initial therapy, depending on the
clinical response and the results of labora-
tory assessments; Initiation of CYC at
10-14 days after CS, either with daily oral
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CYC at 2mg/kg/day (maximum 100mg/
day), fortnightly intravenous CYC at
0.4 g, or monthly intravenous CYC at 0.6—
0.8 g; Continuation of oral CYC therapy
for 3—6 months, or continuation of intrave-
nous CYC for 8-12 months, up to total
administered doses for oral or intravenous
CYC of 8-10g or 6-8g, respectively.
Patients with acute renal failure or pulmo-
nary haemorrhage received pulses of intra-
venous methylprednisolone (500 mg/kg/day
for 3 days, one to three courses) before
standard induction treatment. Patients
with rapidly progressive glomerulonephritis
or severe pulmonary haemorrhage received
additional plasma exchange therapy.
Remission was maintained with a combina-
tion of low-dose CS (usually 5-10 mg/day)
and other immunosuppressive agents, such
as mycophenolate mofetil (1.0-2.0g/day)
or azathioprine (100 mg/day). Maintenance
immunosuppression was continued for at
least 2 years after the induction of sustained
remission.

Outcomes

Follow-up data were extracted from elec-
tronic medical records, from diagnosis
until the following endpoints: relapse,
patient death and/or ESRD, or study termi-
nation (May 2018). Remission was defined
as the absence of disease activity (complete
remission) or >50%  reduction in
Birmingham Vasculitis Activity Score and
the absence of new manifestations (partial
remission).”! For patients with only renal
involvement, remission was defined as sta-
bilization or improvement in kidney func-
tion and resolution of haematuria, with
no other manifestations of vasculitis.
Treatment resistance was defined as
unchanged or increased disease activity in
acute AAV cases after 4 weeks of treatment
with standard therapy; or lack of response,
defined as <50% reduction in the
Birmingham Vasculitis Activity Score after

6 weeks of treatment; or chronic, persistent
disease, defined as the presence of at least
one major or three minor items on the
Birmingham Vasculitis Activity Score list
after >12 weeks of treatment.?!’ Relapse
was defined as the return of clinical signs
or symptoms, or laboratory evidence of dis-
ease activity sufficient to warrant a sus-
tained increase in Immunosuppressive
therapy. Renal death, regarded as ESRD,
was defined as the need for maintenance
dialysis or kidney transplantation.

Selection of previously published studies

The PubMed database was searched
for previous studies published up to
6 April 2018. The search terms included
“ANCA”, OR “anti-neutrophil cytoplasmic

antibody-associated vasculitis”, OR
“anti-neutrophil cytoplasmic antibody”,
AND “corticosteroids” AND

“cyclophosphamide”. Other search terms,
such as “prednisone” or “prednisolone”,
were also used. Only reports published in
English that explored outcomes in older
adults receiving CS and CYC as the
remission-inducing drugs, were included.

Statistical analyses

Continuous data are presented as median
(range) and categorical variables are pre-
sented as n (%) prevalence. Survival rates
were analysed using Kaplan-Meier curves.
All descriptive statistical analyses were per-
formed using IBM SPSS Statistics, version
21.0 (IBM Corp., Armonk, NY, USA).

Results

General demographic and clinical
characteristics

A total of 18 young adults with AAV were
initially identified to have received treat-
ment at the China-Japan Friendship
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Hospital between 2004 and 2018, and had
undergone renal biopsies. Five patients
were excluded: one due to diagnosis of
eosinophilic granulomatosis with polyangii-
tis; one with only a clinical diagnosis; one
double-seropositive for ANCA and anti-
GBM antibodies; and two who received
CS only or a combination of CS and myco-
phenolate mofetil. Thus, 13 young adults
(aged <35 years) with ANCA seropositivity
were enrolled into the study. The median
age at AAV onset was 29 years (range,
22-35 years) and 12 female patients were
included. For comparison, each patient
case was allocated a number: P1-PI3.
Two cases had been previously diagnosed
elsewhere before admission for treatment
at the China-Japan Friendship Hospital:
one male patient (P10) presented during
his second relapse, while the other (P5) pre-
sented with treatment failure.

Of the 13 patients, 10 were
myeloperoxidase-ANCA-positive (76.9%),
and three were proteinase 3-ANCA-positive
(23.1%).

Renal and extra-renal manifestations

Key clinical features and serological find-
ings at presentation are summarized in
Supplementary Table 1. All patients had
kidney abnormalities at presentation, with
a median peak serum creatinine level of
183.2 umol/l (range, 55.0-1024.0 pmol/I)
and a median eGFR of 40.6ml/min/
1.73m? (range, 4.0-134.7ml/min/1.73 m?).
One patient (7.7%) required renal replace-

ment therapy at presentation. Eight
patients (61.5%) presented with rapidly
progressive glomerulonephritis; five

patients (P1, P2, P7, P10 and P11; 38.5%)
presented with chronic kidney disease. All
patients, except one (P7) with proteinuria
only, presented with haematuria and pro-
teinuria. Urine protein levels ranged from
0.23 to 4.5g/24h (median 2.25g/24h).
Three patients (P4, PS5 and P6; 23.1%)

presented with nephrotic range proteinuria,
while five patients (P1, P3, P6, P12 and P13;
38.5%) had gross haematuria.

Lungs were the most commonly involved
extrarenal organs, affected in nine patients
(P3-P6; P8; P10-P13; 69.2%), with hae-
moptysis in three patients (P3, P4 and
P10; 23.1%), interstitial lung disease in
one patient (P8; 7.1%), pulmonary nodules
in one patient (P12; 7.7%), and radiograph-
ic infiltrates without evidence of infection in
four patients (PS5, P6, P11 and P13; 31.8%).
The digestive tract was the second
most commonly involved extrarenal organ
(affected in 5 patients [38.5%]), with mostly
nonspecific symptoms characterized by loss
of appetite, nausea or vomiting. Other
involved organs included the ears, nose,
throat, eyes, joints, skin and central nervous
system (Table 1).

Histopathology
All  patients underwent renal biopsy
(Table 2), which showed ANCA-

associated pauci-immune glomerulonephri-
tis in 10 patients (P2-4, P6-9, P11-13;
76.9%). These cases constituted pauci-
immune glomerulonephritis because elec-
tron microscopy results showed few
or no electron-dense deposits, while

Table I. Extra-renal involvement in |3 young
adults with anti-neutrophil cytoplasmic antibody
seropositivity.

Parameter Prevalence
Lung 9 (69.2%)
Digestive tract 5 (38.5%)
Upper respiratory tract 4 (30.8%)
Skin purpura 3 (23.1%)
Joint pain 3 (23.1%)
Weight loss 2 (15.4%)
Eye 3 (23.1%)
Ear, nose and throat 2 (15.4%)
Central nervous system 1 (7.7%)

Data presented as n (%) prevalence.
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immunofluorescence showed negative or
false-positive staining results for immuno-
globulins (e.g., IgA, IgG and IgM) and/or
complement components (e.g., C3 and
Cl1q). One patient (P5) displayed crescentic
glomerulonephritis with both immunoglob-
ulin (>2+) and complement (>2+) deposi-
tion in the glomeruli, constituting
ANCA-associated crescentic glomerulone-
phritis with immune complex deposition.

The remaining two patients were patho-
logically diagnosed with either membra-
nous nephropathy (P10), characterized by
subepithelial/intramembranous deposits
and granular capillary wall deposits of
polyclonal IgG and C3, with extensive
foot process effacement; or focal prolifera-
tive IgA nephropathy (P1). The key patho-
logical features in P1 were a variable
appearance on light microscopy with
mesangial proliferation to the endocapillary
hypercellularity; IgA-dominant deposits on
immunofluorescence, predominantly in the
mesangium; and mesangial deposits on elec-
tron microscopy.

A median of 29 glomeruli (range, 12-59)
were observed in biopsy tissue sections from
the 11 cases of ANCA-associated nephritis.
A spectrum of histological classes of disease
was noted, although none of the patients
had sclerotic-class disease. One case (9%)
was classified as focal, seven (64%) were
crescentic, and three (27%) were mixed.
Biopsy tissue from all cases (100%)
showed glomerular crescents with median
crescents of 93.5% (range, 20.7-100%).
None of the patients who underwent
biopsy showed a sclerotic category. Two
patients (18%) had fibrinoid necrosis,
while three patients (27%) had global scle-
rosis. Cases of interstitial fibrosis and tubu-
lar atrophy were more severe in patients
with eGFR <60 ml/min/1.73 m? (moderate,
86%; severe, 14%) than in those with
eGFR >60ml/min/1.73m? (mild, 75%;
moderate, 25%).

Treatment summary in || cases of
ANCA-associated nephritis

Two cases (P1 and P10) were excluded from
further analyses because they represented
types of renal disease other than ANCA-
associated nephritis. Among the remaining
11 cases (Supplementary Table 1), 10 had
not received any immunosuppressive
agents prior to admission; one case (P5)
had received intermittent single-dose meth-
otrexate. During the first visit to the China-
Japan Friendship Hospital, all patients
received a combination of CS and CYC
(oral or intravenous) to induce remission
in new-onset or relapsing organ-
threatening AAV. Two patients (18%)
received a lower dose of CYC due to leuco-
penia (P8), or concerns regarding ESRD
progression (P5). The median cumulative
dose of CYC was 8g (range, 3-12g).
Eight patients (73%) received pulse intrave-
nous methylprednisolone (500 mg/kg/day
for 3 days, one to three courses). Four
patients (36%) received additional plasma
exchange (median four sessions; range,
2-18 sessions).

Follow-up of || cases with
ANCA-associated nephritis

Three patients (P2, P6 and P12) were lost to
follow-up within a median interval of
41 months (range, 13-53 months). No
deaths occurred during follow-up. The
median duration of follow-up after diagno-
sis  of  ANCA-associated  nephritis
was 41 months (range, 9-171 months).
Resistance to induction therapy developed
in one case (P5; 9%). Among the 10
patients (91%) who achieved remission,
seven (70%) and three (30%) achieved com-
plete and partial remission, respectively.

Relapse-free survival

The clinical features of each relapse are
summarized in Table 3. Among 10 patients
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Table 3. Details of relapse or ESRD during follow-up of || young adults with ANCA-associated nephritis.

Relapse* Time to relapse,  Treatment at Treatment Relapse Follow-up,
(Case No) months time of relapse for relapse frequency months
P9 13 CS only CS, CYC 4 122

Pl 63 Off treatment 2 years CS, CYC 4 171
ESRD# Time to ESRD, eGFR at Relapse before Relapse Follow-up,
(Case No)  months presentation ESRD after ESRD ~ months
P3 10 <60 ml/min/1.73 m? No No 16

P4 33 <60 ml/min/1.73 m? No No 6l

P5 6 <60 ml/min/1.73 m? No No 35

Pé6 13 <60 ml/min/1.73 m? No - 13

PII 140 >60 ml/min/1.73 m? Yes No 171

ESRD was defined as a need for maintenance dialysis or kidney transplantation.
ANCA, anti-neutrophil cytoplasmic antibody; CS, corticosteroids; CYC, cyclophosphamide; ESRD, end-stage renal

disease; eGFR, estimated glomerular filtration rate.

*The follow-up interval of the other eight patients with relapse as the end point was 53 (P2), 16 (P3), 61 (P4), I3 (P§),

19 (P7), 9 (P8), 41 (P12), and 59 (P13) months, respectively.

#The follow-up interval of the other six patients with ESRD as the end point was 53 (P2), 19 (P7), 9 (P8), 122 (P9),

41 (P12), and 58 (P13) months, respectively.

who achieved remission during the treat-
ment period, two (20%) experienced multi-
ple relapses (4 times each). The median
interval from diagnosis to first relapse was
30 months (range, 9-63 months). The over-
all 1-year and 5-year relapse-free survival
rates were 100% and 88.9%, respectively.

Renal survival

One patient (P3; 9%) began renal replace-
ment therapy at the time of diagnosis, but
stopped active treatment at the 10th month
and the patient’s renal function did not
recover during the follow-up period. By
the end of the study, five out of 11 patients
(45%) had progressed to ESRD (Table 3).
The median follow-up interval for ESRD
was 33 months (range, 6—140 months). The
cumulative renal survival rates at 1 and
5 years were 80.8% and 58.9%, respectively.

Relapse- and ESRD-free survival

The median follow-up interval for the com-
posite of ESRD and relapse was 19 months

(range, 6—63 months), with six patients
reaching the composite end point (four
ESRD, one relapse, and one ESRD and
relapse). The 1- and 5-year composite end-
point (ESRD or relapse)-free survival rates
were 80.8% and 48.5%, respectively.

Comparison with prognosis of elderly
patients

The prognosis of young adult patients with
ANCA-associated nephritis was compared
with that of elderly patients (median age
>50 years) described in previously published
reports  (Supplementary Table 2).*>%¢
Remission rates were found to be approxi-
mately 90% in both young adults and the
elderly. In elderly patients, the relapse rates
ranged between 32% and 45%, which was
higher than the relapse rate for young adult
patients who achieved remission in the pre-
sent study (20%). The cumulative renal sur-
vival rates (81% and 59% at 1 and 5 years,
respectively) in the present cohort were
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comparable with the findings in published
reports.

Discussion

To the best of our knowledge, this is the
first published series of patients with AAV
aged <35 years. The median follow-up
interval was 3.4 years, and several impor-
tant observations were made in this young
adult population with ANCA seropositivi-
ty: nonspecific gastrointestinal manifesta-
tions may be a distinctive extrarenal trait;
renal involvement shows varied histopa-
thology; and long-term renal survival is
unfavourable, despite lower relapse and
overall mortality rates compared with elder-
ly patients.

In the current study, five patients (38%)
presented with nonspecific gastrointestinal
symptoms, an extrarenal manifestation
that is unusual in the elderly.?” This may
be a distinctive extrarenal trait in relatively
young patients with AAV. Two cases were
represented by other types of renal disease,
and renal biopsy in one of these cases dem-
onstrated IgA nephropathy. In addition to
proteinuria and gross haematuria, this
patient had upper respiratory tract infec-
tion, and ear and nose symptoms without
rash, joint symptoms and gastrointestinal
symptoms that were unlikely due to
Henoch-Schonlein purpura. These findings
may have been fortuitous, because the inci-
dence of IgA nephropathy in the general
population is high. The other case was
membranous nephropathy with ANCA
seropositivity  (proteinase-3  positive),
which is also infrequently encountered.
Proteinase-3-positive = ANCA may be
involved in the pathogenesis of membra-
nous nephropathy through the formation
of immune complexes.”®

All patients in the present study pre-
sented with renal involvement at diagnosis.
On renal biopsy, other renal diseases, such
IgA  nephropathy and membranous

nephropathy, were frequently found (at
least 15%), although they are infrequent
in older patients.?® This suggests that renal
damage may be variable in young patients
with AAV, however, the high prevalence of
renal involvement might have partially
resulted from selection bias, because
many included patients were from the
Department of Nephrology.

The prevalence of different histopatho-
logical classifications, proposed by Berden
et al.,”” was also described in the 11 young
adults with ANCA-associated vasculitis. In
the present cohort, there were smaller pro-
portions of the focal (9% versus 16%) and
sclerotic classes (0% versus 13%), and
larger proportions of the mixed (27%
versus 16%) and crescentic classes (64%
versus 55%), compared with the findings
by Berden et al.?® The histopathological
classes were related neither to kidney func-
tion at presentation nor to renal outcome.
However, due to the small number of
patients, the present findings must be inter-
preted cautiously.

During the follow-up period, the remis-
sion rate was 91% in survivors at 3 months.
This was similar to previously reported
results from elderly patients in the Czech
Republic,>* Japan,® and China,?® suggest-
ing that the treatment regimen is equally
effective in both young and older patients
with AAV. AAV is also a chronic relapsing
condition, and in the present study, relapse
occurred in 20% of the patients at a median
of 30 months. Compared with previous
studies in older patients,”**** young indi-
viduals generally had a lower relapse rate,
the reason for which requires further
investigation.

Relapse in AAV is a well-recognized,
independent risk factor for subsequent pro-
gression to ESRD.?® The association
between poor renal function and a lower
risk of relapse was first observed in a
small series,’’ and was later confirmed by
a large cohort study from the European
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Vasculitis Study Group (EUVAS) thera-
peutic trials.*®> The present study also
showed that AAV associated with renal
insufficiency was less likely to relapse.
Among five patients who progressed to
ESRD, four did not experience any relapse.
These cases had renal dysfunction at pre-
sentation. Another patient without renal
dysfunction at presentation experienced
relapse four times before progression to
ESRD.

Renal involvement is frequently encoun-
tered in patients with AAV and is an impor-
tant cause of ESRD. At the end of the
follow-up period, nearly one-half of the
living patients had independent renal func-
tion in the present study, and ESRD devel-
oped in 45% of the cohort. The cumulative
renal survival rates (81% and 59% at 1 and
5 years, respectively) were comparable with
previously published findings in elderly
patients with AAV (Supplementary Table 2),
suggesting poor renal survival in young
adults.

The strengths of the present study
include the young adult patient age, the
use of a highly standardized CYC-based
treatment regimen, and the long-term
follow-up period. However, the results
may be limited by several factors. First,
the intrinsic limitation of the single-centre
and retrospective study design may have led
to bias. Secondly, the sample size was small.
Finally, all patients were serum ANCA-
positive, thus, differences between ANCA-
positive and -negative vasculitis were not
compared. These factors may have affected
the assessments of clinical features, out-
comes and treatment efficacy in young
adult patients with AAV, and the results
may not be generalisable to the wider
population.

In conclusion, gastrointestinal involve-
ment was an unusual feature of AAV in
young patients, and renal involvement dis-
played diverse renal histology. A CYC-
based regimen in young patients was

associated with generally lower relapse
rates compared with findings in the elderly.
However, the long-term renal survival of
young patients with AAV remains unfav-
ourable. Further multicentre studies are
required to determine whether the use of
this classical regimen differs in efficacy
between young and elderly patients with
AAV.
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