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Abstract

Introduction: Anti-glomerular basement membrane (anti-
GBM) disease is characterized by rapidly progressive glomer-
ular nephritis with or without pulmonary hemorrhage with
disease severity correlating with antibody titer. Following
treatment, relapse is rare but has been reported in the litera-
ture. The objective of this study was to assess for clinical, se-
rologic, and histologic differences associated with disease
relapse in patients with anti-GBM disease. Methods: Patients
seen at our facility between 1997 and 2017 were screened
for anti-GBM disease by ICD 9/10 codes. They were included
if the diagnosis was confirmed by a board-certified rheuma-
tologist or nephrologist and had positive antibodies and/or
biopsy results consistent with anti-GBM disease. Relapsing
disease was defined as recurrence of pulmonary or renal
manifestations after achieving remission following the initial
presentation. All charts were reviewed for baseline demo-
graphics, clinical manifestations, and antibody positivity and
compared between groups. Results: 40 patients were con-

firmed as having anti-GBM disease. Mean follow-up from dis-
ease onset to the date of last follow-up was 56.2 months. 8
patients had relapsing disease and 32 patients had non-
relapsing disease. Baseline characteristics and clinical mani-
festations were similar between groups. Patients with re-
lapsing disease had a high incidence of anti-neutrophilic cy-
toplasmic antibody (ANCA) co-positivity as compared to
nonrelapsing patients (50 vs. 15.6%, respectively, p = 0.059),
but this did not reach statistical significance. In patients with
relapsing disease, only one had positive anti-GBM antibod-
ies at time of relapse. Conclusions: In this study, patients
with relapsing disease had a high incidence of ANCA co-pos-
itivity (50%). In patients with newly diagnosed anti-GBM dis-
ease, ANCAs should be obtained to assess for the risk of re-
lapse and to help guide long-term follow-up and treatment.
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Introduction

Anti-glomerular basement membrane (anti-GBM)
disease is a relatively rare immune complex-mediated
small vessel vasculitis with an estimated incidence of 1.64
per 1 million people per year [1]. The disease is character-
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ized by rapidly progressive glomerulonephritis with or
without pulmonary hemorrhage and is mediated by
pathogenic autoantibodies directed against the noncol-
lagenous domain of the a3 chain of type 4 collagen. An-
tibodies are generally IgG, though IgA and IgM have also
been reported [2]. Disease severity correlates with anti-
body titer at presentation [3].

The disease is generally monophasic in nature and is
often fulminant at the time of onset with many patients
presenting with respiratory and/or renal failure. After
treatment and documentation of negative anti-GBM an-
tibodies in circulation, relapse is rare. However, around
3% of patients may experience relapse after treatment of
their disease [4]. The underlying pathogenesis of disease
relapse remains unclear and may be related to environ-
mental exposures such as tobacco use or hydrocarbon ex-
posure, concomitant infection, coexistent anti-neutro-
philic cytoplasmic antibodies (ANCA)-associated vascu-
litis, or membranous nephropathy [1]. The objective of
this study was to assess for clinical, serologic, and histo-
logic differences between patients with relapsing and
nonrelapsing disease which may be associated with dis-
ease relapse.

Materials and Methods

Study Design and Patients

In this retrospective study, patients aged 17 or older seen in a
single academic center between 1997 and 2017 were initially
screened for inclusion into the study by ICD 9/10 codes for anti-
GBM disease or Goodpasture’s syndrome (446.21 and M31.0). Pa-
tients were deemed eligible for inclusion if they had documenta-
tion by a board-certified rheumatologist or nephrologist at our
institution confirming their diagnosis and had positive anti-GBM
antibodies and/or biopsy results consistent with a diagnosis of an-
ti-GBM disease. Serum anti-GBM antibodies were identified using
conventional commercially available assays, which varied over
time but included both ELISA and Western blot assays. Renal bi-
opsies were considered diagnostic of anti-GBM disease if they
demonstrated a crescentic glomerulonephritis with linear deposi-
tion of immunoglobulin along the basement membrane. Lung bi-
opsies were considered positive if they showed evidence of pulmo-
nary hemorrhage with accumulation of hemosiderin-laden mac-
rophages in the alveolar spaces with positive immunofluorescence
staining along the alveolar basement membranes. Relapsing dis-
ease was defined as recurrence of glomerulonephritis or pulmo-
nary hemorrhage after achieving remission from the initial presen-
tation and documentation of clearance of anti-GBM antibodies.
The primary endpoint of this study was clinical, serologic, and his-
tologic differences between patients with relapsing and nonrelaps-
ing disease. All charts were reviewed for baseline characteristics,
clinical manifestations of disease, renal histopathology, anti-GBM
antibody, and ANCA positivity at the time of initial presentation
and compared between those with relapsing and nonrelapsing dis-
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ease. Renal involvement was defined as rise in Cr above baseline,
hematuria, RBC casts, or biopsy results confirming the disease.
Pulmonary involvement was defined as hemoptysis, diffuse alveo-
lar hemorrhage, or a pulmonary biopsy confirming the diagnosis.
ANCA positivity was reported using either indirect immunofluo-
rescence, ELISA, or bead-multiplex assays. Corresponding myelo-
peroxidase or proteinase-3 (PR3) antigens were also reported. The
study protocol was reviewed and approved by the Institutional Re-
view Board at the Cleveland Clinic Foundation.

Data Collection
Data were collected by retrospective chart review and were
stored in a secure online database.

Statistical Analysis

Categorical measures were summarized with frequency (%)
and analyzed with Fisher’s exact test. Continuous measures were
summarized with mean (SD) or median (25th, 75th quartile) and
analyzed with two-sample ¢ tests or Mann-Whitney U tests de-
pending on the normality of the data. Normality was verified by
the Wilk-Shapiro test. Analyses consisted of comparing patients
with relapsing disease to nonrelapsing patients. Analyses were per-
formed using the “compareGroups” and “tidyverse” packages; p
values <0.05 were considered significant.

Results

164 patient charts were screened for inclusion. After
the initial screening period, 40 patients were identified as
having anti-GBM disease as confirmed by a rheumatolo-
gist or nephrologist at our institution. The main reason
for exclusion was an alternative vasculitis diagnosis (such
as ANCA-induced vasculitis or cryoglobulinemic vascu-
litis). Of the 40 patients identified as having anti-GBM
disease, 25 patients had positive anti-GBM antibodies at
the time of diagnosis. 17 patients had renal biopsies and
2 had a pulmonary biopsy for confirmation of their diag-
nosis. 32 patients had nonrelapsing disease, 8 had relaps-
ing disease. Baseline demographics were similar between
groups. There was near equal distribution of female and
male sex between groups. The mean age of disease onset
was 53.2 years for the nonrelapsing group and 46.9 years
for the relapsing group. There was a high proportion of
patients who were former or current smokers as com-
pared to nonsmokers in both groups, but this was not dif-
ferent between groups (Table 1).

At initial presentation, both patient groups presented
similarly. 93.8% of the patients with nonrelapsing disease
and 100% of the patients with relapsing disease presented
with renal manifestations. The mean peak Cr at diagnosis
was higher in the nonrelapsing group (7.24 g/dL) than
the relapsing group (5.37 g/dL), but this was not statisti-
cally significant. Renal histology was similar between
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Table 1. Disease characteristics and treatment at presentation

Variable All 40 pts No relapse (n = 32) Relapse (n = 8) p value
Age, mean (SD) 52.0 (17.7) 53.2(17.5) 46.9 (19.0) 0.410*
Sex, N (%)

Female 20 (50.0) 15 (46.9) 5(62.5) 0.695¢

Male 20 (50.0) 17 (53.1) 3 (37.5%) ’
Smoker, N (%)

Former 17 (43.6) 14 (45.2) 3 (37.5)

Current 6(15.4) 5(16.1) 1(12.5) 0.870¢

Never 16 (41.0) 12 (38.7) 4(50.0)

Length of follow-up months, median [25th; 75th] 31.0 [7; 72] 21.5 [5.75; 66.8] 36.0 [31; 72] 0.200P
Days between onset and diagnosis, median [25th; 75th] 31 (7; 72] 27 [5.25; 57.2] 46 [12;160] 0.217°
ANCA result, N (%)

Positive 9 (22.5) 5(15.6) 4 (50.0) 0.059¢
Anti-GBM antibody result, N (%)

Positive 25 (73.5) 21 (80.8) 4(50.0) 0.165¢
Renal involvement at diagnosis, N (%) 38 (95.0) 30 (93.8) 8 (100) 0.999¢
Urinary sediment abnormality at diagnosis, N (%)

Hematuria 24 (60.0) 19 (59.4%) 5 (62.5%) 0.999¢

Proteinuria) 23 (57.5%) 18 (56.2%) 5 (62.5%) 0.999¢

RBC casts 8 (20.0%) 8 (25.0%) 0 (0.00%) 0.173¢
Peak Cr at diagnosis (g/dL), mean (SD) 6.76 (4.26) 7.24 (4.19) 5.37 (4.45) 0.3542
ESRD, N (%) 32 (80.0) 27 (84.4) 5(62.5) 0.320°¢
Renal histopathology
Glomeruli sampled, median [25th; 75th] 16.0 [13.0; 19.0] 15.5 [13.0; 19.0] 17.5[11.8;21.8]  0.768"
Linear staining of GBM on immunofluorescence N (%)

Positive 21 (87.5) 16 (94.1) 5(71.4)

Negative 1(4.17) 0 (0.00) 1(14.3) 0.1944

Not done 2(8.33) 1(5.88) 1(14.3)

Pauci-immune staining on immunoflourescence, N (%) 1(4.35) 0(0.00 1(16.7 0.261¢
Interstitial nephritis, N (%)

Reported 17 (68.0) 14 (77.8) 3 (42.9) 0.156¢

Not reported 8 (32.0) 4(22.2) 4(57.1) '
Presence of crescents, N (%)

Positive 18 (72.0) 14 (77.8) 4(57.1)

Negative 3(12.0) 1(5.56) 2 (28.6) 0.294¢

Not reported 4(16.0) 3(16.7) 1(14.3)

Presence of interstitial fibrosis, N (%)

Positive 19 (76.0) 13 (72.2) 6 (85.7)

Negative 4 (16.0) 3(16.7) 1(14.3) 0.999¢

Not reported 2 (8.00) 2 (11.1) 0 (0.00)

Percentage of interstitial fibrosis median [25th; 75th] 22.5[15.0; 60.0] 22.5[15.0; 62.5] 35.0 [12.5; 57.5] 0.814°
Presence of tubular atrophy, N (%)

Positive 10 (40.0) 6(33.3) 4(57.1)

Negative 6 (24.0) 4(22.2) 2 (28.6) 0.389¢

Not done 9 (36.0) 8 (44.4) 1(14.3)

Percentage of tubular atrophy, mean (SD) 58.8 (23.0) 70.0 (14.1) 47.5 (26.3) 0.197%
Treatment, N (%)

Corticosteroids 35 (87.5) 27 (84.4) 8 (100) 0.563¢

CYC 33 (82.5) 26 (81.2) 7 (87.5) 0.999¢

PLEX 33 (82.5) 25(78.1) 8 (100) 0.309¢

RTX 0(0) 0(0) 0(0)

AZA 3(7.50) 2 (6.25) 1(12.5) 0.498¢

Other 3 (7.50) 3(9.38) 0 (0.00) 0.999¢

Initial PLEX sessions, mean (SD) 11.4 (5.40) 11.9 (5.58) 10.3 (5.19) 0.505*
Mortality, N (%)

Alive 39 (97.5) 31(96.9) 8 (100) 0.999¢

Deceased 1(2.50) 1(3.12) 0 (0.00) '

ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; p values <0.05 were considered significant. ® 2 sample ¢ test.
® Mann-Whitney U test. © Fisher’s exact test.
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Table 2. ANCA and anti-GBM co-positive patients compared to anti-GBM positive patients alone

Variable All 40 pts Anti-GBM Anti-GBM and ANCA p value
alone (n = 31) co-positive (n =9)
Age, mean (SD) 52.0 (17.7) 50.5 (17.9) 57.0 (17.2) 0.338°
Sex, N (%)
Female 20 (50.0) 15 (48.4) 5 (55.6) 0.999¢
Male 20 (50.0) 16 (51.6) 4 (44.4) :
Smoker, N (%)
Former 17 (43.6) 13 (41.9) 4 (50.0)
Current 6 (15.4) 6(19.4) 0(0.00) 0.584¢
Never 16 (41.0) 12 (38.7) 4 (50.0)
Relapse, N (%) 8 (20) 4(12.9) 4 (44.4) 0.059¢
Relapse time, median [25th; 75th] 89.0 [56.0; 114] 89.0 [71.5; 106]  82.0 [53.0; 881] 0.999°
Days between onset and diagnosis, median [25th; 75th] 31.0 [7.00; 72.0] 22.0 [5.75; 84.8] 32.0[7.00; 40.0] 0.984P
Renal involvement at diagnosis, N (%) 38 (95.0) 29 (93.5) 9 (100) 0.999¢
Urinary sediment abnormality at diagnosis
Hematuria, N (%) 24 (60.0) 16 (51.6) 8 (88.9) 0.061¢
Proteinuria, N (%) 23 (57.5) 15 (48.4) 8 (88.9) 0.054¢
RBC casts, N (%) 8(20.0) 5(16.1) 3(33.3) 0.348¢
Peak Cr at diagnosis, mean (SD) 6.76 (4.26) 7.31 (4.38) 5.45 (3.91) 0.293?
ESRD, N (%) 32 (80.0) 27 (87.1) 5 (55.6) 0.059¢
Renal histopathology
Glomeruli sampled, median [25th; 75th] 16.0 [13.0; 19.0] 16.0 [13.2;21.2] 15.5[11.5;18.2] 0.452°
Linear staining pattern of GBM on immunofluorescence N (%)
Positive 21(87.5) 14 (87.5) 7 (87.5)
Negative 1(4.17) 0 (0.00) 1(12.5) 0.407¢
Not reported 2 (8.33) 2 (12.5) 0 (0.00)
Pauci-immune, N (%) 1(4.35) 0 (0.00) 1(12.5) 0.348¢
Interstitial nephritis, N (%)
Reported 17 (68.0) 15 (88.2) 2 (25.0) 0.004¢
Not reported 8 (32.0) 2(11.8) 6 (75.0) :
Presence of crescents, N (%)
Positive 18 (72.0) 12 (70.6) 6 (75.0)
Negative 3(12.0) 2(11.8) 1(12.5) 0.999¢
Not reported 4(16.0) 3(17.6) 1(12.5)
Presence of interstitial fibrosis, N (%)
Positive 19 (76.0) 11 (64.7) 8 (100)
Negative 4(16.0) 4(23.5) 0 (0.00) 0.240¢
Not reported 2 (8.00) 2(11.8) 0 (0.00)
Percentage of interstitial fibrosis, median [25th; 75th] 22.5 [15.0; 60.0] 22.5[16.2;57.5] 35.0[10.0; 62.5] 0.788P
Presence of tubular atrophy, N (%)
Positive 10 (40.0) 5(29.4) 5(62.5)
Negative 6 (24.0) 4(23.5) 2 (25.0) 0.260¢
Not reported 9 (36.0) 8 (47.1) 1(12.5)
Percentage of tubular atrophy, mean (SD) 58.8 (23.0) 66.7 (15.3) 54.0 (27.0) 0.430°

ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; p values <0.05 were considered significant.

22 sample ¢ test. > Mann-Whitney U test. ¢ Fisher’s exact test.

groups with no differences when examining immuno-
fluorescence patterns, interstitial fibrosis, tubular atro-
phy, or crescent formation (Table 1). Mortality was low,
and only 1 patient fatality was recorded in the nonrelaps-

ing group.

Disease Recurrence in Anti-GBM Disease
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Pulmonary involvement at presentation was less fre-
quent. Only 30% of the nonrelapsing patients and 37.5%
of the relapsing patients presented with pulmonary dis-
ease at the time of presentation.
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Table 3. Comparison of baseline demographics and disease characteristics in patients who developed ESRD (dialysis dependent or
transplantation) compared to those who have not

Variable All 40 pts Non-ESRD ESRD (n=32)  pvalue
(n=238)
Age, mean (SD) 52.0 (17.7) 54.4 (15.4) 51.3 (18.4) 0.642°
Sex, N (%)
Female 20 (50.0) 4(50.0) 16 (50.0) 0.999¢
Male 20 (50.0) 4(50.0) 16 (50.0) :
Smoker, N (%)
Former 17 (43.6) 3(37.5) 14 (45.2)
Current 6 (15.4) 1(12.5) 5(16.1) 0.870¢
Never 16 (41.0) 4(50.0) 12 (38.7)
Relapse time, median [25th; 75th] 89.0 [56.0; 114] 106 [97.5; 1,656] 56.0 [50.0; 74.0]  0.157°
Days between onset and diagnosis, median [25th; 75th] 31.0 [7.00; 72.0] 32.0 [12.5;62.0] 26.0 [7.00; 69.8] 0.965°
ANCA result, N (%)
Negative 2(18.2) 1(20.0) 1(16.7) 0.999¢
Positive 9 (81.8) 4(80.0) 5(83.3) :
Anti-GBM antibody result, N (%)
Negative 9 (26.5) 3(37.5) 6(23.1) 0.649°
Positive 25 (73.5) 5 (62.5) 20 (76.9) :
Renal involvement at diagnosis, N (%) 38 (95.0%) 6 (75.0%) 32 (100%) 0.036¢
Urinary sediment abnormality at diagnosis-hematuria, N (%) 24 (60.0) 6 (75.0) 18 (56.2) 0.439¢
Proteinuria, N (%) 23 (57.5) 6 (75.0) 17 (53.1) 0.428¢
RBC casts, N (%) 8(20.0) 2 (25.0) 6 (18.8) 0.650¢
Peak Cr at diagnosis, mean (SD) 6.76 (4.26) 2.07 (1.28) 8.10 (3.83) <0.001*
Renal histopathology
Glomeruli sampled, median [25th; 75th] 16.0 [13.0; 19.0] 10.0 [5.00; 18.0] 16.0 [14.0; 22.0] 0.084>
Linear staining pattern of GBM on immunofluorescence, N (%)
Positive 21 (87.5) 4(80.0) 17 (89.5)
Negative 1(4.17) 1(20.0) 0 (0.00) 0.240¢
Not reported 2 (8.33) 0 (0.00) 2 (10.5)
Pauci-immune, N (%) 1(4.35) 1(20.0) 0(0.00) 0.217¢
Interstitial nephritis, N (%)
Reported 17 (68.0) 2 (40.0) 15 (75.0) 0.283¢
Not reported 8 (32.0) 3 (60.0) 5(25.0) )
Presence of crescents, N (%)
Positive 18 (72.0) 2 (40.0) 16 (80.0)
Negative 3(12.0) 2 (40.0) 1 (5.00) 0.061¢
Not reported 4(16.0) 1 (20.0) 3(15.0)
Presence of interstitial fibrosis N (%)
Positive 19 (76.0) 4 (80.0) 15 (75.0)
Negative 4(16.0) 1(20.0) 3(15.0) 0.999¢
Not reported 2 (8.00) 0 (0.00) 2 (10.0)
Percentage of interstitial fibrosis median [25th; 75th] 22.5[15.0; 60.0] 55.0 [50.0; 65.0] 20.0 [11.2;51.2] 0.087°
Presence of tubular atrophy, N (%)
Positive 10 (40.0) 4 (80.0) 6 (30.0)
Negative 6 (24.0) 1 (20.0) 5(25.0) 0.128¢
Not reported 9 (36.0) 0 (0.00) 9 (45.0)
Percentage of tubular atrophy, mean (SD) 58.8 (23.0) 60.0 (14.1) 57.5(32.0) 0.893%

ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; p values <0.05 were considered significant.
42 sample t test. > Mann-Whitney U test. ¢ Fisher’s exact test.
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Table 4. Disease characteristics at the time of relapse

Variable Relapse N

(n=28)

Relapse time (weeks), median [25th; 75th] 89.0 [56.0; 114] 7
Serologies, N (%)

ANCA positive at diagnosis 4 (80.0) 5
ANCA positive at relapse 3(75.0) 4
Anti-GBM antibody positive at diagnosis 4 (50.0) 8
Anti-GBM antibody positive at relapse 1 (20.0) 5
Pulmonary involvement at relapse 5(83.3) 6
Renal involvement at relapse 5(62.5) 8
Peak Cr at relapse, median [25th; 75th] 3.05[2.93,3.20] 8

Urinary sediment abnormality at relapse, N (%)

Hematuria 3(37.5) 8
Proteinuria) 4 (50.0) 8
RBC casts 0(0) 8
Renal histopathology at relapse, N (%)
Linear staining of GBM on

immunofluorescence 2 (66.7) 3
Pauci-immune staining on

immunoflourescence 1(33.3) 3
Interstitial nephritis 2 (100) 2
Presence of crescents 1 (50.0) 2
Presence of interstitial fibrosis 2 (100) 2
Presence of tubular atrophy 1 (50.0) 2
Initial treatment, N (%)
Corticosteroids 8 (100) 8
CYC 7 (87.5) 8
PLEX 8 (100) 8
RTX 0 (0) 8
AZA 1(12.5) 8
Initial PLEX sessions, mean (SD) 10.3 (5.19) 7
Treatment of relapse
Corticosteroids 8 (100) 8
CYC 3(37.5) 8
PLEX 6 (75.0) 8
RTX 4(50.0) 8
Other 1(12.5) 8
PLEX at relapse, median [25th; 75th] 6.00 [4.50; 6.50] 8
Renal outcomes
ESRD prior to relapse 2(25) 8
ESRD at the time of last follow-up 5(62.5) 8

N = number of patients tested; ANCA, anti-neutrophil
cytoplasmic antibodies; GBM, glomerular basement membrane;
CYC, cyclophosphamide; PLEX, plasma exchange; AZA,
azathioprine; RTX, rituximab.

At diagnosis, 80.8% of patients in the nonrelapsing
group-tested positive for anti-GBM antibodies as com-
pared to 50% of patients with relapsing disease. This was

Disease Recurrence in Anti-GBM Disease
with and without ANCA

not statistically significant (Table 1). There was a higher
number of patients in the relapsing group who tested pos-
itive for ANCA serologies than patients with nonrelaps-
ing disease (50% as compared to 15.6%) which ap-
proached statistical significance (p = 0.059) The most
common pattern was pANCA/myeloperoxidase positiv-
ity (Table 1).

When comparing patients who had ANCA co-positive
disease to patients with anti-GBM disease alone, there
was no significant difference in baseline demographics,
clinical presentation, or renal survival. Histopathology
was similar between groups with the exception of inter-
stitial nephritis which was more frequently reported in
the anti-GBM group alone (Table 2).

A higher proportion of patients in the nonrelapsing
group required dialysis at presentation as compared to
the relapsing group (84.4% as compared to 62.5%), but
this was not statistically significant. Patients were fol-
lowed for a median of 31 months. At the time of last fol-
low-up, a high percentage of patients (32/40 or 80%) were
either dialysis-dependent or underwent renal transplan-
tation and considered to have ESRD. Patients with ESRD
at time of last follow-up had a higher Cr at presentation
as than patients who did not reach ESRD (Table 3).

Patients were most often treated with combination
corticosteroids, cyclophosphamide, and plasma ex-
change. The mean number of plasma exchange sessions
was 11.9 in the nonrelapsing group and 10.3 in the relaps-
ing group (Table 1).

Of the 40 patients included in this study, 8 had a re-
lapse of their disease. The median time to relapse was 89
weeks (range 6-480 weeks). Two patients had a relapse of
disease after being dialysis dependent following their ini-
tial presentation. These patients’ relapses were character-
ized by pulmonary involvement in the form of diffuse al-
veolar hemorrhage. There were no relapses after trans-
plantation. At the time of relapse, 62.5% of patients
presented with renal manifestations, and 83.3% present-
ed with pulmonary manifestations of their disease. In pa-
tients who relapsed, 4 patients had positive anti-GBM an-
tibodies at the time of initial presentation. After treat-
ment, all patients who had positive anti-GBM antibodies
had return of titers to within normal ranges. Only 1 pa-
tient had positive anti-GBM antibodies at the time of re-
lapse. ANCA antibodies were not routinely recollected at
the time of relapse but did remain positive in 3 of the 4
patients retested at the time of relapse. In patients who
were re-biopsied, 2 patients demonstrated linear deposi-
tion of immunoglobulin staining along the GBM, and 1
patient had a pauci-immune staining on immunofluores-
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cence. All patients were initially treated with corticoste-
roids and plasma exchange, and 7 patients were treated
with cyclophosphamide at initial presentation. 1 patient
was treated with azathioprine maintenance immunosup-
pression prior to relapse. At the time of relapse, patients
were again commonly treated with combination therapy
with corticosteroids, an immunosuppressive agent, and
plasma exchange. Cyclophosphamide was used to treat
37.5% of patients. Rituximab was used to treat 50% of pa-
tients, generally as salvage therapy after they had failed
conventional treatment with cyclophosphamide (Ta-
ble 4). In patients who relapsed, 2 were ESRD prior to
relapse. After relapse 5 patients (62.5%) had progressed
to ESRD. There were no fatalities in the relapsing group.

Discussion

In this study, we compared clinical, serologic, and his-
tologic findings in patients with relapsing and nonrelaps-
ing anti-GBM disease. There were no differences in the
baseline demographics, disease characteristics, or histo-
pathology between the relapsing and nonrelapsing dis-
ease cohorts. Relapsing disease was common and was as-
sociated with a high incidence of ANCA co-positivity,
though a larger study would be needed to evaluate for a
statistically significant difference. Anti-GBM antibody
positivity did not correlate with disease relapse.

It is well known that antibodies directed toward the
alpha 3 chain of type 4 collagen are pathogenic. Lerner
and colleagues elucidated this mechanism by inducing
glomerulonephritis in squirrel monkeys after transfer of
serum and renal eluate immunoglobulins from patients
with anti-GBM disease [5]. In our study, we found a low
proportion of patients who had anti-GBM positivity at
presentation and at the time of relapse. At onset of dis-
ease, only 80.8% of nonrelapsing patients and 50% of re-
lapsing patients tested positive for anti-GBM antibodies.
At the time of relapse, only one patient was found to have
anti-GBM positivity. Previous reports have suggested an
incidence of antibody-negative anti-GBM disease to be
around 16% of cases [6]. Patients in our study were retro-
spectively enrolled over a 20-year time frame, and differ-
ent assays were utilized to detect circulating anti-GBM
antibodies (by ELISA or indirect immunofluorescence
assays); however, the commercially available assays var-
ied with time. ELISA assays have varied sensitivity and
specificity and may have impacted the proportion of anti-
GBM positive patients [7]. Additionally, most conven-
tional ELISA assays detect IgG1 anti-GBM antibodies but
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other subclasses (such as IgG4) may not be readily de-
tected on commercially available tests [8]. Indirect im-
munofluorescence is even less sensitive at detecting anti-
GBM antibodies than ELISA testing [9]. It is not clear at
this point whether the low prevalence of anti-GBM anti-
bodies is related to assay variability or other reasons.

Historically, relapse of anti-GBM disease was felt to be
rare and was limited to case series [10-13]. In our study,
20% of patients had a relapse of their disease. This is high-
er than what was published previously in the literature.
One possible explanation is the high incidence of ANCA
co-positivity seen in the relapsing cohort. Further, we
may have captured a sicker patient population given the
referral bias to our tertiary center. In a large cohort of pa-
tients studied by McAdoo et al. [14] authors found that
patients with ANCA and GBM co-positive disease had a
relapse rate of 22% early in the disease course and ap-
proximately 50% had recurrence during long-term fol-
low-up, similar to the rates of relapse seen with ANCA-
associated vasculitis. There were no disease relapses in
patients with positive anti-GBM disease alone (without
positive ANCA). Authors hypothesized that patients who
are ANCA and GBM co-positive may have an intermedi-
ate phenotype with severe renal disease and high frequen-
cy of lung hemorrhage at the time of initial presentation
but also with continued risk of relapse through follow-up.
Given the high rate of ANCA co-positivity seen in the re-
lapsing cohort, it is possible the ANCA positivity may
confer the risk of relapse. Previous reports have demon-
strated a rise in ANCA titer or seroconversion from
ANCA negative to ANCA positive prior to relapse [14].
In our cohort, ANCAs were not consistently checked at
the time of disease relapse but did remain positive in 3 of
4 patients who were originally checked at disease onset.

In conclusion, our study has demonstrated patients
with relapsing and nonrelapsing diseases have similar
characteristics, but patients with relapsing disease had a
high incidence of ANCA positivity consistent with previ-
ous reports. This did not achieve statistical significance,
but interpretation is limited by the small sample size. Giv-
en our findings and previous reports, we recommend
testing for ANCAs in patients with newly diagnosed anti-
GBM disease, to assess for the risk of relapse and to help
guide long-term follow-up and treatment. In patients
who are ANCA and anti-GBM antibody co-positive, we
recommend routine follow-up and laboratory monitor-
ing for evidence of disease recurrence and consideration
for maintenance immunosuppressive therapy. Larger
studies are needed to validate our results.
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