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Critical review
The antiglomerular basement membrane disease:
treatments and outcomes

Introduction
Antiglomerular basement membrane
(anti-GBM) disease is a rare autoimmune disorder characterized by rapidly progressive glomerulonephritis
(RPGN) with diffuse crescentic formation on renal biopsy, and it is a
well-characterized cause of glomerulonephritis. Although the effectiveness of treatment using therapeutic
plasma exchange combined with immunosuppressive agents to improve
renal function has been reported, the
prognosis for patients with this disease is poor. To improve the prognosis, it may be necessary to detect this
disease in earlier stages and to treat
it without delay. This critical review
discusses the treatments and outcomes of anti-GBM disease.
Conclusion
Anti-GBM disease is rare, but the
treatment has been reported to improve renal function. This disease
needs to be detected in its early
stages to tackle the life cycle of the
disease.

Introduction

Antiglomerular basement membrane (anti-GBM) disease is a rare
autoimmune disorder characterized by rapidly progressive glomerulonephritis (RPGN) with diffuse
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c rescentic formation on renal biopsy,
and it is a well-characterized cause
of glomerulonephritis. Anti-GBM
disease is defined as the presence
of serum autoantibodies to the noncollagenous domain of the alpha 3
chain of type IV collagen or a linear
binding of IgG to glomerular capillary walls as detected by direct immunofluorescence in patients with
RPGN. Although effective treatments
to improve renal function have been
reported, the prognosis of patients
with this disease is poor.
This critical review focuses on
treatments and outcomes of antiGBM disease in order to improve the
prognosis of the disease.

Discussion

The authors have referenced some
of their own studies in this review.
These referenced studies have been
conducted in accordance with the
Declaration of Helsinki (1964), and
the protocols of these studies have
been approved by the relevant ethics
committees related to the institution
in which they were performed. All
human subjects, in these referenced
studies, gave informed consent to
participate in these studies.

Treatments
As the pathogenesis of anti-GBM
disease became clear, treatment
regimens were designed to remove
the circulating pathogenic anti-GBM
antibodies by therapeutic plasma
exchange, attenuating the pathogenic antibody-mediated glomerular
inflammatory responses by administration of corticosteroids and suppressing further production of these
pathogenic antibodies by the use of
immunosuppressive agents.

Therapeutic plasmapheresis
To remove the circulating pathogenic
anti-GBM antibodies, therapeutic
plasma exchange is recommended
as the initial treatment. The effectiveness of therapeutic plasmapheresis for improving renal function
has been reported. Several regimens
were reported (Table 1)1–9, and plasma exchange of 4 L of plasma for 5%
human albumin was most commonly
performed daily for 14 days or until
the circulating anti-GBM antibodies
were no longer detected1. In the presence of alveolar haemorrhage, 300–
400 ml of fresh-frozen plasma was
given at the end of each treatment.
To reduce the plasma replacement,
anti-GBM antibody removal has been
modified. Immunoadsorption to remove circulating IgG without the
need for protein substitution during
daily treatments may also be beneficial in Goodpasture’s disease. Anecdotal case reports suggest that it may
be an alternative to plasmapheresis
in patients with severe renal failure10.
A case report of Goodpasture’s syndrome treated with double-filtration
plasmapheresis combined with immunosuppression therapy11 showed
that the removal efficiency for the
anti-GBM antibody was 24%–60%
for each procedure.
Corticosteroids
To attenuate the pathogenic antibody-mediated glomerular inflammatory responses, corticosteroid
is also a key element of this treatment. According to the most commonly used regimens, oral dosing
of prednisolone at 1 mg/kg/day of
ideal body weight (maximum 80 mg
daily) continues for at least 2 weeks,
after which the dose is reduced
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Table 1

Reported regimens of plasmapheresis in anti-GBM disease

Authors
Lockwood et al.
Briggs et al.

1

Years

N

1975

Regimes of Plasmapheresis

Survival Rates(%)

Methods

Fluids

Volume

Sessions and Periods

Patients

Renal

7

PLEX

5% Alb (+ FFP)

4.0 l

Daily for 2 weeks*

86

43

1979

4

PLEX

5% Alb (+ FFP)

4.0 l

Daily for 2 weeks

100

50

Simpson et al.3

1982

8

PLEX

CDP

3.0 l

Ten times for 2 weeks

100

63

Peters et al.

1982

41

PLEX

5% Alb (+ FFP)

4.0 l

Daily for 2 weeks*

85

16

1982

8

PLEX

FFP + saline

4.0 l

Every 3 days*

100

75

1994

25

PLEX

NA

NA

Daily for 10 days*

88

32

3

PLEX

5% Alb

0.8×PV

> three times for 5 days

67

0

3

IA

None

2.5×PV

> three times for 5 days

67

0

2

4

Johnson et al.
Merkel et al.

5

6

Stegmayr et al.7

1999

Levy et al.8

2001

71

PLEX

5% Alb (+ FFP)

50 ml/kg
(maximum 4 l)

Daily for 2 weeks*

97

41

Lazor et al.9

2007

24

PLEX

NA

NA

Alternate day 10 times

100

42

every second week to 30 mg by the
eighth week. The dosages of prednisolone are then tapered to 2.5–5.0
mg/week and maintained at 7.5–10
mg/kg/day. Oral corticosteroids
are generally continued for at least
6 months. Intravenous administration of methylprednisolone 10 mg/
kg (500–1000 mg) once daily for 1–3
days has been advocated for patients
with severe alveolar haemorrhage
or very rapid deterioration of renal
function5.
Immunosuppressive agents
To further suppress the production
of pathogenic anti-GBM antibodies,
a combination of immunosuppressive agents is usually given. Among
these immunosuppressive agents,
cyclophosphamide is usually administered. According to the most commonly used regimens, the oral dose
is 2–3 mg/kg/day (this is rounded
down to the nearest 50 mg; reduced
to 2 mg/kg/day in patients over
55 years) for 3 months. This administration is stopped if white blood
cell counts fall below 4,000/μl. In
such cases, the agent is restarted at
a lower dose once the white blood

cell counts return above 4,000/μl.
Intravenous cyclophosphamide is
not usually administered, but it may
be useful for a refractory case of the
standard therapy12.
Although azathioprine is sometimes used as maintenance therapy,
it does not provide adequate immunosuppression to modify the disease
alone.
Therapeutic options for
refractory diseases
There is very little research on
the treatment of refractory anti-GBM disease. Cyclosporine is
controversial; at 6 mg/kg/day it
was effective for an anti-GBM disease patient treated with corticosteroid, cyclophosphamide and
plasma exchange13, whereas in other cases it was not useful14. Small
numbers of case reports of successful outcomes with mycophenolic
acid or mycophenolatemofetil in
patients unresponsive to or intolerant of standard therapy have been
published15–17. Rituximab, a chimeric
monoclonal anti-CD20 antibody, was
effective for a case of relapsed antiGBM disease that was resistant to

standard treatment18. In that case,
rituximab (375 mg/m2) was administered once a week for 6 consecutive
weeks; the symptoms completely
resolved and anti-GBM antibody titres were decreased from 51 U/ml
to the undetectable range. However,
these treatments cannot yet be recommended as a first-line therapy because randomized controlled trials
have not been carried out.
Prognosis
Most patients without treatment
died shortly after diagnosis of antiGBM disease; the survival rate at 12
months was 4% and the renal survival rate was 2%19. Although mortality
has improved by the introduction of
intense immunosuppression, renal
survival remains very poor because
of the delayed diagnosis of anti-GBM
disease or delayed initiation of induction therapies.

Outcomes
The prognosis for patients with antiGBM disease is poor; the survival rate
at 6–12 months was 67–94%, but the
renal survival rate was 15%–58%
(Table 2)2,3,5,6,8,9,19–29.
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*Until anti-GBM antibody is undetectable.
N, number of patients; PLEX, plasma exchange; IA, immunoabsorption; Alb, albumin; FFP, frozen fractionated protein; CDP, cryoprecipitate-depleted plasma;
PV, estimated plasma volume; NA, not available.
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Investigation of treatments for anti-GBM disease

Authors

Year

N

Age, mean
(median)

AH (%)

s-Cr Levels
(mg/dl)

Survival Rate
(%)

Treatments
Immunosuppressant

PLEX
(%)

Patients Renal

Benoit et al.19

1963

52

NA

100

NA

None

0

4

2

Proskey et al.

1970

56

(26.8)

100

NA

Various

0

77

23

Wilson et al.21

1973

53

28.5

60

NA

Various

0

53

13

Beirne et al.

1977

29

NA

54

NA

Various

0

42

17

7

21.0

0

6.4

±

3.1

None or
OCS+CYC

0

86

0

7

21.0

100

3.1

±

2.9

Various

0

71

29

4

21.0

100

9.5

±

13.8

Various

100

100

50

24

NA

4

NA

46

79

17

Various

94

88

8

28.1

100

8.0

±

6.7

None

0

63

25

4

22.3

100

4.1

±

4.0

OCS+AZA

0

100

50

8

22.1

100

3.9

±

3.1

OCS+CYC

100

100

63

9

22.9

78

5.3

±

1.6

0

89

22

8

24.8

100

4.3

±

1.6

100

100

75

Various

42

78

22

Various

60

90

10

OCS+CYC+AZA

0

93

41

Briggs et al.

20

22

1979

2

Peters et al.4

1982

Simpson et al.3

1982

Johnson et al.5

1985

Savage et al.

1986

108

47.8

52

23

Williams et al.

10

57.2

30

1993

29

35.2

50

6

1994

35

34.7

57

11.4

±

5.6

OCS+CYC

71

89

29

1996

40

[18–76]

67

5.1

±

6.8

Various

58

98

20

100

95

85

69

67

5

70

15

NA

61

NA

2

19
8

2001

27

2004

Cui et al.28

2005

Lazor et al.9

2007

Hirayama et al.29

2008

11.8

±

4.6

NA

< 5.7

(40)
[17–76]

62

58.6

40

38

42

(23)
[17–65]

100

< 1.4

12

100

AKI

33

52.6

0

9.1

±

5.0

10

49.4

100

8.5

±

5.1

12

48.3

25

< 6.0

29

52.1

24

> 6.0

21

56.1

14

8.6

±

5.3

22

46.8

36

9.4

±

4.8

13
39

Li et al.

NA

OCS+CYC

1988

24

Daly et al.26
Levy et al.

< 6.8

25

Herody et al.
Merkel et al.

> 6.8

80

10
23
46
10

> 5.7

OCS+CYC

100

ESRD
7.0

±

6.4

< 6.8
> 6.8

Various

80

Various

45

OCS+CYC
Various
Various
Various

54

NA

0

100

NA

83

55

79

21

30

70

20

50

75

42

48

79

14

0

86

24

100

68

14

N, number of patients; AH, alveolar haemorrhage; s-Cr, serum creatinine; ESRD, end-stage renal disease; AKI, acute kidney injury; OCS, oral corticosteroids;
CYC, cyclophosphamide; AZA, azathioprine; PLEX, plasma exchange; NA, not available.
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Predictors of survival
The best predictors of renal survival
are serum creatinine (s-Cr) levels at
the initiation of treatment and the
mean percentage of crescent formations. Renal function improves
coincidentally with the introduction of plasma exchange in about
80–95% of patients with s-Cr levels
less than or equal to 5.7–6.8 mg/
dl (500–600 μmol/l), but rarely in
those with higher s-Cr levels or those

who require dialysis. Unfortunately,
most patients with anti-GBM disease
had renal failure at the time of diagnosis, and the mean percentage of
crescent formation was high in antiGBM disease patients. Therefore, in
most patients with anti-GBM disease,
the diagnosis may have been made
too late to improve renal function
by combination therapy. In the recent cohortstudy30, the combination
therapy of plasmapheresis and corticosteroids with cyclophosphamide
had an overall beneficial effect on
both patient survival (HR for patient
mortality, 0.31; P = 0.001) and renal
survival (HR for renal failure, 0.60; P
= 0.032), particularly patient survival
for those with alveolar haemorrhage
(HR for patient mortality, 0.29; P
= 0.004) and renal survival for those
with anti-GBM diseases with initial
s-Cr levels over 6.8 mg/dl (HR for renal failure, 0.52; P = 0.014).

Relapse/recurrence
Relapses of anti-GBM disease are
rarely observed, in contrast to most
other autoimmune kidney diseases. The anti-GBM antibodies seem
to disappear spontaneously after
12–18 months31. However, several
reports demonstrated recurring
cases with anti-GBM disease31–34.
In the Japanese survey29, relapse or
recurrence was also rare in patients
with a
nti-GBM disease (13.9%)
in comparison with patients with
ANCA-associated vasculitis, such as
granulomatosis with polyangiitis
(29.4%) and microscopic polyangiitis (29.3%). Therefore, remission
induction therapy is more important
in anti-GBM disease. The mean time
to recurrence is estimated to be 4.3
years (range, 1–10 years) and that
late recurrence may occur with a
frequency of 2–14%. During relapses, circulating anti-GBM antibodies
often reappear. The combination of
plasmapheresis and immunosuppressive agents as re-remission induction therapy is also successful in
relapsing cases31.

Conclusion

Anti-GBM disease is a rare but wellcharacterized glomerulonephritis.
Although the effectiveness of treatment using therapeutic plasma exchange combined with immunosuppressive agents to improve renal
function has been reported, the prognosis of patients with this disease
is poor. To improve the prognosis, it
may be necessary to detect this disease in its earlier stages and to treat
it without delay.
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