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Key Points

e ANCA-negative pauci-immune glomerulonephritis presents in younger patients, with fewer extrarenal
manifestations and higher risk of ESKD.

e The absence of positive ANCA serology should not discourage immunosuppressive treatment.

e Further research into the pathogenesis, treatment response, and duration of immunotherapy in ANCA-negative
disease is needed.

Abstract

Background ANCA-negative pauci-immune glomerulonephritis (PIGN) represents a rare and often under-
studied subgroup of the vasculitides. This study aims to investigate differences in the clinical phenotype, renal
histological features, and clinical outcomes of patients with PIGN, with and without serum ANCA positivity.

Methods A cohort of biopsy-proven PIGN with and without detectable circulating ANCA was constructed from a
single center between 2006 and 2016. Primary outcomes compared clinical presentation and histopathological
features according to ANCA status, with multivariate Cox regression to compare mortality and ESKD. A
systematic review and meta-analysis of the published literature was undertaken.

Results In our cohort of 146 patients, 22% (1=32) had ANCA-negative disease, with a comparatively younger
mean age at diagnosis; 51.4 versus 65.6 years (P<<0.001). In total, 14 studies, inclusive of our cohort, were eligible
for meta-analysis, totaling 301 patients who were ANCA negative. Those with ANCA-negative disease tended
to have fewer extrarenal symptoms and a higher frequency of renal-limited disease, but both failed to reach
statistical significance (P=0.92 and P=0.07). The risk of ESKD was significantly higher in seronegative disease
(RR, 2.28; 95% confidence interval, 1.42 to 3.65; P<<0.001), reflecting our experience, with a fivefold increased risk
of ESKD in ANCA-negative disease (P<0.001). No significant difference in the chronicity of histopathological
findings was seen and the meta-analysis showed no difference in morality (RR, 1.22; 95% confidence interval,
0.63 to 2.38; P=0.55).

Conclusion Our findings demonstrate that ANCA-negative PIGN presents in younger patients, with fewer
extrarenal manifestations and higher ESKD risk, despite a lack of difference in histopathology. This study
provides the impetus for further research into the pathogenesis, treatment response, and duration of immu-
notherapy in ANCA-negative disease. We suggest that the absence of positive ANCA serology should not
discourage treatment and for clinical trials to include patients who are ANCA negative.
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Introduction its clinical utility as a reliable biomarker remains im-
Pauci-immune small vessel vasculitis is characterized  perfect.3 As such, a proportion of patients develop new

by inflammation and necrosis of small vessels with
potential end-organ damage and life-threatening
consequences. The role of ANCA is central to the
understanding of pathogenesis.!’? Its detection is
closely associated with disease, but despite this,

and relapsing disease in the absence of detectable
circulating ANCA.

The finding of seronegative pauci-immune glomer-
ulonephritis (PIGN) has previously been reported to
occur in up to 30% of patients.#-® This was the case in
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both European and South-East Asian cohorts, with data
spanning several decades. More recent cohort studies from
Asia and Mexico estimate a more modest disease incidence
of 7%-12%.7# These studies solely utilize data from the last
two decades, and it could be considered the lower rate of
seronegative disease may reflect improvements in assay
sensitivity over the years. However, it is worth noting these
studies reflect different health care systems, ethnicities, and
latitudinal gradients, meaning these findings may not be
transferable to all population groups.®

It has been suggested that pauci-immune small-vessel vas-
culitis exhibits a different spectrum of disease, in the absence
of detectable circulating ANCA. Reports vary on the clinical
presentation and phenotype, with disparity in the degree of
renal and extrarenal disease occurrence among patients who
are ANCA positive and negative.*® Due to the rarity of the
disease, there are limited studies evaluating the histopatho-
logical differences between the two groups. This study aims to
investigate the differences in clinical presentation, renal his-
topathological features, and clinical outcomes among patients
with PIGN, with and without detectable circulating ANCA.

Methods
Participants and Study Design

A retrospective cohort study with biopsy-proven PIGN was
constructed from a single center between 2006 and 2016, and
followed-up until November 2021. Patients were stratified by
ANCA status from the time of diagnosis. Patients with anti-
glomerular basement membrane antibody positivity, a non-
diagnostic biopsy or where the electron microscopy report
could not ensure a lack of significant deposits were excluded.
Patients who were ANCA positive were categorized to either
myeloperoxidase (MPO) or proteinase 3 (PR3). An ANCA-
negative diagnosis was defined as disease activity without
detectable circulating ANCA in the context of biopsy-proven
PIGN. All diagnosed patients were in keeping with the Chapel
Hill Consensus Conference.!? Patients with secondary ANCA-
negative disease as a result of infection, drugs, or malignancies
were excluded. Ethical approval for this study was obtained
from the UK Health Research Authority and Confidentiality
Advisory Group. The research was performed in accordance
with the Declaration of Helsinki.

Data Acquisition

Patient demographics, presentation, immunotherapy,
and clinical outcomes were collected and examined along-
side the histopathology outcomes from renal biopsy find-
ings. Data were collected retrospectively from electronic
patient records. Birmingham vasculitis activity scores were
not included, due to the presence of mainly renal-limited
disease and the limitations of retrospective scoring.

Laboratory Data

Renal function was measured using the standardized
CKD Epidemiology Collaboration formula (ml/min per
1.73 m?).11 ANCA serology was tested by indirect immu-
nofluorescence microscopy assay with subsequent testing
by Phadia ELiA fluorescence enzyme immunoassay in pa-
tients with a positive result. Anti-myeloperoxidase titers of
>5.0 IU/ml and anti-proteinase 3 titers of >3.0 IU/ml were
defined as positive.

Histologic Data

All included biopsy specimens underwent standard pro-
cessing for light microscopy, immunohistochemistry, and elec-
tron microscopy. All biopsies were independently reviewed
by a pathologist at the time of initial diagnosis and pathology
reports were used to collect the histologic variables retrospec-
tively. Alongside characteristic features on light microscopy,
PIGN was defined as few or no electron-dense deposits on
electron microscopy.'? Arteries and arterioles were also eval-
uated for the presence of vasculitis and the degree of interstitial
fibrosis and tubular atrophy (IFTA). Biopsies were taken before
the initiation of immunosuppressive treatment, and were cat-
egorized according to the Berden et al'® histopathological
classification.

Treatment

The dosing regimen of intravenous cyclophosphamide was
adjusted for renal function and patient age in accordance with
recommendations by the European vasculitis study group.'*
Rituximab was administered at a dose of 1 g every 2 weeks
(total of 2 g). Pulsed intravenous methylprednisolone and
plasma exchange were administered according to local phy-
sician discretion. Considerations for plasma exchange at the
time included dialysis dependence, serum creatinine >500
pmol/L, and/or pulmonary hemorrhage.

Outcomes

Primary outcomes compared the histopathological classifi-
cation, clinical presentation, and outcomes including mortality
and ESKD of those with ANCA-negative and positive disease.
ESKD was defined by the use of continued RRT or trans-
plantation at follow-up. Secondary outcomes included remis-
sion and relapse rates among the two groups. Disease relapse
was defined as a change in signs and symptoms that were
attributed to vasculitis disease and required the reintroduction
or increase in immunosuppressive treatment.

Systematic Review and Meta-Analysis

A systematic review and meta-analysis of the available
published studies, inclusive of our presented cohort data,
was undertaken. Literature searches were performed
using PubMed, Embase, and Cochrane databases until
March 1, 2022. Search strategies included the terms “ANCA,”
“anti-neutrophil cytoplasmic antibodies,” “vasculitis,” and
“pauci-immune.”

All outcome studies on biopsy-proven ANCA-negative
disease, inclusive of those presenting data as a subgroup
analysis, were included. Eligible studies were screened and
reviewed by two independent reviewers (L.F. and A.M.)
who were blinded to the other selections, reducing the risk
of bias. In cases of disagreement, a subsequent discussion
took place with the resolution of discrepancies agreed by
joint consensus.

The studies had to meet at least one of the following
criteria for inclusion in meta-analysis: (I) comparison of
histopathologic findings between patients who were ANCA
negative and positive, (2) Clinical presentation and pheno-
type of ANCA-negative and positive disease, and (3) clinical
outcomes including, mortality, relapse, and/or ESKD be-
tween the two groups. Studies that were unable to exclude
the presence of glomerular deposits or where secondary
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vasculitides were included, along with case reports, edito-
rials, letters to the editor, review articles, conference ab-
stracts and studies not published in English were excluded
from review.

The protocol for this review was registered and published in
PROSPERO. The systematic review study selection was con-
ducted in accordance with the PRISMA guidelines (Figure 1).
The methodological quality and risk of bias of eligible
studies were assessed using the Newcastle-Ottawa scale for
observational studies (Supplemental Table 1). Supplemental
Table 2 describes the characteristics of included studies.

Statistical Analysis

Cohort data analyses were conducted using R statistical
software v4.1.2 (R Foundation, Vienna, Austria). Patient char-
acteristics by ANCA status were presented as mean+SD
or median for continuous variables and proportions for
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categorical variables. Comparisons between the two groups
were examined utilizing ¢ tests, Mann—-Whitney, chi-squared,
or Fisher exact tests, as appropriate. Patient survival times
were calculated from the point of diagnosis until death, loss to
follow-up or end of study. Renal survival was calculated
similarly with the addition of a censor for death. Risk of
ESKD and death were estimated using Cox regression models
and presented as hazard ratios (HR) with 95% confidence
intervals (95% Cls). The proportional hazards assumption was
checked using Schoenfeld residuals.

The meta-analysis was conducted using R meta package
(v5.1-1). We measured outcomes (death, ESKD, relapse),
presentation (renal-limited, extrarenal manifestations) and
histology (Berden classification).'*> For outcomes and
presentation, we used “metabin” for the dichotomous out-
comes with the Mantel-Haenszel method. For Berden clas-
sification we used “metabin” to consider the proportion of
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Figure 1. PRISMA flow diagram.
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Table 1. Comparison of the demographics, clinical features, and histopathologic findings between patients who are ANCA positive and
negative with pauci-immune glomerulonephritis
Characteristics of Study Population ANn(::?lZO(?,}Sve ANSS?};I%%StNe P Value
Patient demographics
Age, yr (mean=SD) 65.6+12.10 51.44+19.57 <0.001
Sex, M:F 59:55 21:11 0.23
eGFR at presentation, median, IQR 18.0 (11.0-39.3) 14.0 (7.0-26.0) 0.10
Clinical features and systems involvement, %
Constitutional symptoms 32 (28) 0 <0.001
Renal 113 (99) 31 (97) 0.39
Pulmonary 28 (25) 4 (13) 0.22
ENT 27 (24) 0 <0.001
CNS 14 (12) 13) 0.19
Cutaneous 16 (14) 8 (25) 0.18
Ophthalmic 6 (5) 0 0.34
Gastrointestinal 4 (4) 1(3) 1.00
Histopathologic findings, %
Normal glomeruli (NO >25%) 73 (64) 16 (50) 0.01
IFTA 0 21 (18) 8 (25) 0.42
Extraglomeruli arteritis 15 (13) 7 (22) 0.26
Berden Classification, %
Mixed 30 (26) 11 (34) 0.38
Focal 51 (45) 12 (38) 0.55
Sclerotic 6 (5) 4 (13) 0.23
Crescentic 28 (25) 5 (16) 0.35
M, male; F, female; IQR, interquartile range; ENT, ears, nose, and throat; CNS, central nervous system; IFTA, interstitial fibrosis and
tubular atrophy.

patients who were ANCA-negative or positive in a Berden
subgroup, for example, crescentic compared with all of the
other subgroups, such as focal, mixed, and sclerosed. This
was done for each subgroup in turn. We calculated the
random-effect forms of these analyses and reported the
unadjusted relative risk ratio, P value, ? (measure of
heterogeneity), and 7° (measure of variance of true effect
size). We applied a Bonferroni correction for multiple
hypothesis testing and used this to filter nominally signif-
icant results.

Results
Demographics and Clinical Features

In total, 146 patients with biopsy-proven PIGN were
included in our cohort. Baseline characteristics are shown
in Table 1. ANCA-negative disease accounted for 22%
(n=32) of the cohort and was associated with more renal-
limited disease (62% versus 39%, P=0.04). Of the four
patients who were ANCA negative with pulmonary in-
volvement, three had features of bilateral pulmonary infil-
trates identified on radiologic imaging, and one presented
with acute pulmonary hemorrhage. At the time of diagno-
sis, patients who were ANCA negative reported no consti-
tutional symptoms, including weight loss, night sweats or
fever, and less ear, nose, and throat involvement (0% versus
27%, P <0.001).

Histological Outcomes
There was a comparable spread across the Berden classifi-
cation, with no significant difference seen between the positive

and negative groups (Table 1). The odds ratio (OR) associated
with ANCA serology and Berden'’s classification are shown in
Table 2. Patients who were ANCA negative had a higher
degree of abnormal glomeruli than patients who were ANCA
positive. In accordance with the ANCA renal risk score (15),
the number of patients with >25% normal glomeruli was
lower in the ANCA negative group, compared with ANCA
positive (50% versus 64%, P=0.01). Although, of note, only
13% (n=4) of patients who were ANCA negative had features
diagnostic of sclerotic classification. IFTA was present in 80%
of all patients with vasculitis, with no significant difference
between the two cohorts.

Clinical Outcomes

At the time of diagnosis, patients who were ANCA neg-
ative had a lower eGFR than those with positive ANCA
serology (14.0 versus 18.0 ml/min, P=0.10). A higher per-
centage of patients who were ANCA negative were dialysis
dependent at the time of diagnosis (28%, n=9, versus 11%,

Table 2. Demonstrates the odds ratio of the four
Berden classifications associated with ANCA-negative
versus ANCA-positive disease

95% Confidence

Berden Classification Odds Ratio I

nterval
Mixed 1.47 0.62 to 3.36
Focal 0.74 0.32 to 1.64
Sclerotic 2.57 0.62 to 9.63
Crescentic 0.57 0.18 to 1.51
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n=13) and at 30 days from presentation (59%, n=19 versus
20%, n=23). At the end of follow-up, a higher proportion
of ANCA negative progressed to ESKD (53% versus 12%).
The hazard ratio (HR) for ESKD in patients who were
ANCA negative compared with ANCA positive was 6.23
(95% CI, 2.98 to 13.05, P<0.001). When adjusting for age,
sex, and induction therapy, the HR for ESKD was five times
higher in patients who were ANCA negative (HR, 5.20; 95%
CI, 2.02 to 13.39, P<0.001) and this remained largely un-
changed on sensitivity analyses with restricted follow-up to
1 and 2 years from the time of diagnosis (Supplemental
Table 3). Figure 2A shows the risk of ESKD associated with
positive and negative serology.

Overall patient survival was 87%, 82%, and 71% at
12 months, 24 months, and end of study, respectively. Where
the cause of death was known 13 patients died from infection-
related illnesses, three from malignancy, one from pulmonary
fibrosis, one from a myocardial infarction, and two patients
died as a result of active vasculitis. On univariate analysis,
mortality rates were higher in the ANCA negative cohort
(HR, 1.81; 95% CI, 0.92 to 3.55, P=0.09). Multivariable analysis
adjusting for age, sex, and induction therapy, identified an HR
for death that was three times higher in the ANCA negative
cohort (HR 3.0; 95% CI, 1.36 to 6.63, P=0.007) and when
adjusting further for the addition of ESKD, the HR for death
was 2.31 (95% CI, 0.97 to 5.49, P=0.06). Figure 2B shows the
mortality associated with positive and negative serology. The
mean time from diagnosis to death was 177 days (interquartile
range, 100-709) in the ANCA-negative cohort. Among the
ANCA-negative cohort, one death was attributed to vasculitis.
Seven patients (58%) were dialysis dependent at the time of
death, which in part may account for the increase mortality
rate. Approximately 77% of patients who were ANCA-
negative and 95% who were ANCA-positive achieved remis-
sion at 6 months. Relapsing disease was significantly higher in
the patients who were ANCA positive; 35% compared with
16% in patients who were ANCA negative. There was no
significant difference in follow-up duration between the two
groups (P=0.09).

Treatment

Most patients (1=130, 89%) received remission induction
treatment, as shown in Table 3. Fewer patients who were
ANCA negative received induction treatment than those
with ANCA-positive disease; 72% and 94%, respectively. Of
those patients who were ANCA negative that did not re-
ceive remission induction treatment, five presented with
renal-limited disease and dialysis dependence. Two patients
were considered clinically frail with a Rockwood Clinical
Frailty Score'® of 4 and 5.

Maintenance treatment was given to 87% of patients. The
majority of ANCA-negative patients (1=18, 78%) received
azathioprine and/or oral glucocorticoids as maintenance
treatment, which was similar to the 70% of patients who
were ANCA positive.

Systematic Review and Meta-Analysis

In total, 14 studies were eligible for inclusion, with 301
patients who were ANCA negative available for analysis,
inclusive of our cohort (Supplemental Table 2). The pooled
age was lower in the patients who were ANCA negative
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(50.9 years, 95% ClI, 44.6 to 58.2) in comparison to patients
who were ANCA positive (57.6 years, 95% CI, 53.1 to 62.5).
There was a slightly higher male proportion in the ANCA
negative cohort (53.3% versus 50.9%). Supplemental Table 4
shows the meta-analysis findings, which were limited due
to the moderate to large heterogeneity of results. Ten studies
describe the clinical features associated with patients who
were ANCA positive and negative. Patients with ANCA-
negative disease tended to have fewer extrarenal manifes-
tations and present with more renal-limited disease in our
cohort, compared with those with ANCA positivity (22%
versus 6%), although both failed to reach statistical signif-
icance, with respective P values of 0.92 and 0.07. On review
of the histopathologic classification between the two co-
horts, five studies reported Berden'’s classification (Supple-
mental Table 2). The most common classification was focal
(38%) in those with ANCA-positive serology, and crescentic
(85%) in those with ANCA-negative disease.

When analyzing clinical outcomes, the relative risk (RR)
of death was similar across the studies (17=8) and there was
no significant difference in mortality between patients who
were ANCA positive and negative (RR, 1.22; 95% CI, 0.63 to
2.38; P=0.55). There was, however, a significantly increased
risk of ESKD in patients who were ANCA negative
(RR, 2.28; 95% CI, 1.42 to 3.65; P<<0.001) (Figure 3). Meta-
analysis of relapse rates was not possible as only two studies
reported on this. Shah et al.l” reported a shorter time to
remission in ANCA-negative disease (51 versus 78 days,
P=0.01) and relapse rates were lower in patients who were
ANCA negative, which is in keeping with our findings.

Discussion

To date, patients with ANCA-negative vasculitis have
been largely excluded from trials with limited data guiding
their care. Our study and meta-analysis help address this,
demonstrating that patients with ANCA-negative PIGN
tend to be younger, exhibit fewer extrarenal symptoms,
and have a higher risk of ESKD compared with those with
ANCA-positive disease. The latter occurred despite no sig-
nificant difference in the severity of scarring or chronicity on
histology between the two groups.

Increased physician awareness, and widely available and
highly sensitive ANCA assays with a short turnaround time,
have contributed to improved diagnostics and a reduction in
therapeutic delay in patients who are seropositive. It has pre-
viously been hypothesized that because patients who are
ANCA negative experience fewer constitutional and extrarenal
symptoms, there is a delay in self-presentation and investiga-
tion.'”18 As such, it has often been presumed patients with
ANCA-negative PIGN were more likely have a higher degree
of sclerosed glomeruli and IFTA at presentation, accounting for
their worse outcomes.

Nevertheless, there is some discrepancy in the histopath-
ologic findings among previously reported studies. Cohorts
from the United States and South America have tended to
display a higher degree of interstitial fibrosis and glomerular
sclerosis,?17:19 compared with larger cohorts form Europe,
South-East Asia, and India, which typically observed a
predominance for crescents with sclerosis only occurring in
10%—20% of lesions.*1820 Within our cohort and subsequent
meta-analysis, there was no significant difference in sclerotic
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Table 3. Shows the remission induction treatment given for those with ANCA-positive versus ANCA-negative disease

Remission Induction Treatment ANCA Positive (n=114) ANCA Negative (n=32)
IV methylprednisolone, 1 (%) 33 (29) 5 (15.6)
IV methylprednisolone mean dose, g (+SD) 1.5+0.63 1.5+0.76
Cyclophosphamide use, 1 (%) 104 (91) 22 (68.8)
Cyclophosphamide mean dose, g (=SD) 5.54+3.58 4.47+3.34
Rituximab use, 1 (%) 6 (5) 0
Rituximab mean dose, g (=SD) 1.9+0.2 0
Plasmapheresis, 1 (%) 23 (20) 309)
1V, intravenous.

lesions among ANCA-positive and ANCA-negative dis- Much remains to be elucidated in ANCA-negative disease.
ease, and we observed no significant difference in IFTA  Although seropositive and seronegative disease share the
severity. In light of these findings, and a twofold increased ~ same histopathological endpoints, it is possible they remain
risk of ESKD in ANCA-negative PIGN, an important two different disease processes, which could account for the
question arises about treatment practice, therapeutic re- heterogeneity in clinical features, outcomes, and pathologic
sponse, and the underlying pathogenesis. Treatment data  findings observed in our study.
was not available from the pooled studies to help shed Just over half of the studies (7=8) included in the sys-
light on this, but there was a slightly lower tendency for tematic review and meta-analysis presented mortality data
patients who were ANCA negative to receive induction that showed no significant difference in death between
therapy within our center. patients who were ANCA positive and negative. Although
The exact pathophysiology of seronegative PIGN and the our cohort showed an increased risk of mortality associ-
reason for its clinical phenotype as a predominately single ated with ANCA-negative disease, despite being compar-
organ disease is beyond the scope of the data presented in this  atively younger, when adjusting for ESKD on multivariate
paper. Previous studies have suggested that patients who are  analysis, this was not found to be statistically significant
ANCA negative have circulating autoantibodies with the (P=0.06). This highlights the known implications of ESKD
potential for neutrophil and monocyte activation that are on mortality, with both advanced CKD and ANCA asso-
below the detection limit of modern assays, or that there ciated vasculitis representing independent risk factors for
are epitopes present, masking their detection.?’?> Further- cardiovascular disease.?6-28
more, the role of more novel autoantibodies including The risk of relapse reported in some studies ranges from
anti-LAMP-2 antibodies and anti-tissue plasminogen activa-  20% to 60%.293° The meta-analysis findings showed the
tor antibodies?>?* are other possible factors contributing to  relapse rates were lower in patients who were ANCA neg-
disease activity and endothelial damage in the absence of ative (RR, 0.49; 95% CI, 0.25 to 0.97; P=0.04), which was
circulating ANCA, although many of these have not been similar to our findings. This may be in part explained by
validated or require further research. In addition, most com-  the higher rates of renal-limited disease and ESKD,
mercial assays are designed to detected IgG ANCA; however, ~which makes relapse less likely in itself. However, given
other Ig subclasses, such as IgA ANCA, may be present.?> the lower rates of relapse in ANCA-negative disease, it
Although these theories attempt to explain the presence of raises the question about duration of maintenance treat-
disease in the absence of ANCA serology, it fails to account ment in this subcategory. Both the REMAIN (prolonged
for the observed difference in presentation and outcomes. REmission-MAINtenance therapy in systemic vasculitis)

ANCA -ve ANCA +ve

Authors Events N Events N Risk Ratio RR 95%—ClI
Villacorta et al. (2015) 8 29 25 85 — . , 0.94 [0.48; 1.84]
Shah et al. (2015) 7 17 18 57 — = 1.30 [0.66; 2.59]
Shah et al. (2015) 1 2 3 12 : 2.00 [0.37;10.92]
Sharma et al. (2016) 13 33 7 51 —#—— 287 [1.28; 6.44]
Iwakiri et al. (2013) 6 11 17 91 —fE— 2,92 [1.47; 5.82]
Lee et al. (2015) 4 6 9 42 —!-—'— 3.11  [1.38; 6.99]
Floyd et al. (2021) 17 32 13 114 i 466 [2.54; 8.54]
Common effect model . ) < 2.17 [1.64; 2.87]
Random effects model - 2.28 [1.42; 3.65]
Heterogeneity: /% = 62%, 12 = 0.2367, p = 0.01 I I I I

ESRD 0.1 05 1 2 10

Figure 3. Forest plot for meta-analysis, comparing ESKD associated with ANCA-negative versus ANCA-positive disease.
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and MAINRITSAN (Maintenance of Remission using Rit-
uximab in Systemic ANCA-Associated Vasculitis) trials
looked at duration of maintenance immunosuppression in
ANCA-associated vasculitis.?*? Although these trials did
not look specifically at those with initial ANCA-negative
serology, they do raise the risk benefit balance of long-term
maintenance immunosuppression.

Limitations

Our study was limited by its single-center, retrospective
character. Reduced reporting of constitutional symptoms
at presentation may be limited by the accuracy of capturing
subtle nonrenal symptoms from retrospective data collec-
tion. Classification and biopsy reporting are potential lim-
itations due to human variability and interpretation and
the histological findings reported are from clinical records;
however, this is the case across all comparable studies. We
applied robust inclusion criteria to our meta-analysis, al-
though not all studies reported the same outcomes and
many were unadjusted, creating the potential for under-
reporting of clinical features in the ANCA-negative co-
horts. Treatment data on the included studies were not
available, but we appreciate variation in treatment practice
compared with seropositive disease is an important factor
and requires future evaluation.

ANCA-negative vasculitis has been largely excluded
from mainstream trials and previous studies looking at
the differences in ANCA-negative disease have been lim-
ited, partly due to the small sample sizes, degree of het-
erogeneity, and lack of multivariable analysis.

With an incident rate approaching 30% of all patients with
biopsy-proven PIGN, a better understanding this patient
group is needed. Our findings demonstrate that PIGN
exhibits a different clinical phenotype in the absence of de-
tectable circulating ANCA, occurring in younger patients,
with fewer extrarenal manifestations and higher rates of
ESKD. Further research is needed to understand its patho-
genesis, current treatment practice, and therapeutic response,
so as to improve patient outcomes.
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